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Sir, 


Ki  ijIm:  Ha.wii., 

DiHiiTDR  Minks  Hka\(  ii. 

Dii-VKTMiNT  oi    Minks. 

OiTAW  A,  Canada. 


I  .  ,  ti>  siihiiiii,  luTfwiih,  a  ri-pnrt  mi  "l''liTtro-platiiin  wiili  ("oli.ill." 
This  is  ilir  ihinl  lomplctfil  |)art  of  ilic  s<rit>  of  invi'«.iinatii)ii-.  nil  coh.ilt 
and  coh.ill  alloys  for  llu'  piirpos*-  of  incrf.isiiij;  tlirir  t'Cdiioniic  import aiirc; 
which  has  iwi'ii  ilir  siihjcrt  f:f  tlu-  s|H'rial  ri'scarrlu's  coiiducU'd  imdi-r  tny 
fliri'iiion  ai  niu'in's  I  nivt-r-ity,  Kin^st  m,  Ont.irio.  for  ihf  Mint's  liranrh 
of  the  Depart iniiit  of  Miiuj<,  Ottawa. 

I  havi-  the  lioiioiir  to  l»i',  Sir, 

N'oitr  otu'difiit  >iT\ant . 

(Sifineil)     Herbert  T.  Kahnus. 

Kingston,  On;.,  December  23,  1914. 
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PART  III. 
ELECTRO-PLATING  WITH  COBAI'" 

INTRonrCTOKV. 


,l>  oliH'CtIM' 
u'l'ii   .Hid   arr 


InvcstiKationx)!"  ihc  nutal  oilialt  and  il>  allovs  lia\iiin 
tlif  tindins  of  increased  roiuimTcial  lists  for  tlu'in  haw  Iaah  .>i..i  .m 
l)i'inn  coiuliiclcd  at  llu'  School  of  Miniiii^,  (Jiucn's  I  ni\crsin,  Kit;L',sion. 
(Jnt.,  under  tlic  authorily  of  the  Dominion  (ioverninent .  alont;  the  lollow- 
in^  general  lines:    - 

I.     Till-;  l'Ki;rAK.\TioN  m    Mktai.i.ic  C'ohalt  nv  Ri;i)i  (  rn)\  ok 

TllK  OXIDK. 
II.       ASn  DYOFTIIIC  I'llYSK  Al.  I'HOIMR  tlKS  OV  TIIIC  Mi;  T  Al.  ( '( 111  AIT. 
III.       Kl.i;(  TRO-PLATINd  Willi  foUAI.I    AM)   !  TS  AllOVS. 
I\'.      ColtAI.T  Al.l.OYS  OI     l-IXTKKMK   HaKDNI.SS. 
V.      foHALT  .\l.I.(IVS  WITH    \()N-C()KK(IS1  VK    pR()l'i;KTIi;s. 

VI.     Thk  Magnktk:  Proimirtiics  of  ("ohmt  avd  oi-   Ke-C". 


THE  PIRPOSK  OK  THIS  INVKSTICiATlON. 

Thi.s  paper  forms  part  HI  of  the  above  series,  and  is  a  report  of  re- 
searches on  elertro-platin^  witli  cobalt  and  some  of  its  allo\s. 

\l(Ki;i.    Pl.ATINd    vs.    ("OIIALT    Pl.ATIM.. 

In  1842,  I'rofessor  Hoeti;er  i)ointed  out  that  den^;■•  .md  lustrous  de- 
posits of  nickel  could  he  obtained,  which,  on  account  of  their  resistance  to 
oxidati(Mi,  i^rval  hardness,  and  elegant  appearance,  were  caj-able  of  many 
applications.  The  outcome  of  this  has  l)een  ih.it  during  tlie  la-t  decade 
commercial  |)lalin^'  w  ith  nickel  has  developed  to  be  of  very  ^;real  m.i,nnitude. 
On  theiiiherhanil  no  platesof  cobalt  or  of  i(sallo>shavee\erl)een  ineMeiided 
coinmenial  use.  \o  doubt  part  of  the  reason  is  because  of  the  ditticulty 
of  obtaining  a  supply  of  cobalt  mel.il  at  an  attr.ictive  price.  On  the  other 
hand,  for  commercial  plating  where  labour,  overhead  cliarges,  the  prepar- 
ation of  the  surface  to  be  plated,  the  dil'ticulty  of  maintaining  the  bath, 
the  amount  of  bufling,  the  current  erticieiicy,  and  pai  tunil.irly  the  speed 
with  which  the  work  may  be  run  through  the  baths,  are  so  considerable 
a  fraction  of  the  cost  of  the  finished  work  the  price  of  the  metal  to  make 
up  the  ancKles  and  the  salts  is  l)y  no  means  ali'ie  the  d  .ermining  factor 
in  the  choice  of  that  metal.  Mon'over,  the  spi  of  plating  largeK'  deter- 
mines the  hardness  and  other  physical  proper  s  of  the  plate,  which  in 
turn  determines  the  weight  of  metal  required  i  ,r  satisfactor>-  commercial 
tests. 

A  great  many  technical  points  in  connexion  with  the  plating  nl  cobalt 
have  not  been  investigated;  the  corresponding  investigations  for  nickel 
have  been  comparatively  thoroug'.i.  Before  plaleis  can  adopt  cobalt  for 
many  purposes,  on  a  considerable  scale,  a  number  of  questions  must  be 
definitely  answered  by  experiments,  such  as: — 


I  ('.III  loli.ili  Ik-  pliiud  on  inm.  ^iitl,  tiras-.,  tin,  ( iirni.m  >il\rr, 
liMil,  etc.,  In  yirld  ii-.  imilorni,  a-.  a(lln>i\r,  aii<l  a^  -.ati^l'acli)r\-  a  rmi>hc(l 
>iiiiacf  as  nickel  ,•' 

i  -'i      l>  cob.ili  |ilalr  liardrr  iliaii  nicktl  jilali'  ■' 

i.<i  is  ciiliall  plate  le--^  (orrosisi  ihan  niekt  I  plate  iiiider  unlinary 
atmospheric  aclimi  t 

i4i  W'li.il  h.illi  is  niosl  siiiialde  lor  llie  ilepo-,itioii  o|  coliall  where  a 
hea\\  protecti\c  cualiii^;,  which  iiia\  lie  liiltled  lo  a  superior  I'mish,  is  re- 
(|llireil  lo  lie  (li'posiied  ill  a  ininiiiitnn  ol'  time  .' 

l5i  ('.111  a  satislaclor>-  coliall  li.ilh  lu'  main t, lined  at  -iich  an  increased 
concentration  as  compared  with  llie  nickel  lialh,  that  platiiit;  from  il  ma\- 
proci'cd  with   greater  spied.' 

i()l  Is  the  colialt  liath  more  or  less  Ironlilesome  tli.m  the  nickel  liatll 
as  regards  cr\  st.illi/.ition,  etc  .■' 

("'     Should  .ilkali,  acid,  or  neutral  baths  Ik-  used  for  colialt  plating  ? 

iS,  Is  the  nature  of  tile  <li'posit  inipro\'ed  1)\-  hardeners  such  as 
liiirii-  ,icid.  citric-  acid,  magnesium  salts,  eic  ' 

i'))  How  doe-,  the  maximum  current  densit\-  at  which  i-oli.ilt  may 
he  di'])osited  i-ommeni.illy,  comp.ire  with  the  maximimi  i-iirrent  densities 
used  in  the  commenial  deposition  of  nickel  t 

iltli  What  electromotixc  force  had  best  lie  tised  for  (-obalt  |)Iatiiij;, 
iisini{  the  l)ath  found  most  suitabli-  for  a  ^i\en  class  of  work  i 

(11)  How  do  (-ob.dt  aiKMli-s  (-ompare  with  nickel  anodes  as  rej^ards 
solubility,  inxler  tile  conditions  of  the  plating  bath  i 

(12)  What  are  the  relative  itirri-nt  elViciencies  of  cobalt  and  nickel 
plating'  under  the  best  conditions.-' 

ll.<)      How    do     the    electrical     coii(lucti\itie? 
and  nicki-l  platiiiK  soluiions  compare? 

(14)  ("an  cobalt  be  depcjsited  to  consider.ible  thickiiessi-s  from  any 
solution  in  accordance  with  commercial  practice.-' 

(15)  What  is  the  relative  cost  of  cobalt  and  nicki-l  phitiny;  ? 
Althouj;h  iiiimenius  statenienis  have  bien  publislu'd  in  the  past  with 

regard  to  cobalt  platini,',  tin-  conclusions  to  be  drawn  from  a  surve>-  of  the 
exisliiiK  literature  and  patents  would  lead  one  to  be  very  sceptical  as 
to  the  advanta^'es  of  cf.balt  plating  over  nickel  platiiij.;.  It  is  noticeable, 
however,  that  the  conditions  for  the  production  of  i;o(m1  cobalt  jilates,  as 
given  b\-  ditferent  atltl-iors,  vary  verv  j^reatly  anionic  themselves.  Not  only 
are  the  conclusions  often  diametrically  opposite,  but  likewise  the  data 
from  which  these  conclusions  are  drawn. 

('(jnsider  alone  the  (piestiim  of  the  relative  maximum  current  densities 
with  which  cobalt  and  nickel  may  be  successfully  plated.  There  is  little 
or  nothing  in  the  literature  relating  to  the  solutions  of  cobalt  which  we  have 
found  in  this  laboratorv-  to  be  most  suit.ible  for  fast  plating.  If  it  can  be 
shown  to  be  praclicallv-  feasible  to  plate  cobalt  from  a  liath  at  several 
times  the  speed  that  this  is  possible  for  nickel,  other  things  being  vqualor 
in  favour  of  the  cobalt,  this  greater  spei'd  of  turning  out  the  work,  with  at- 
tendant economies,  tnight  offset  a  \ery  considerable  dit'ference  in  the  initial 
cost  of  the  ancKJes  and  salts  of  the  two  metals.  It  must  certainly  appeal 
to  anvone  that  if  cobalt -aniinoniiim  sulphate,  because  of  its  very  much 
higher  solubilitv'  than  nickel-ammonium  sulphate,  or  for  other  reasons, 
may  lie  used  as  a  jilating  bath  at  very  nuich  higher  current  densities,  that 
witi;  such  a  bath  tiie  ])later  may  turn  out  work  at  correspondingly  greater 
speed.  Moreover,  plating  at  greater  si)eed  will  probably  mean  a  harder 
and  denser  plate  with  consetjuent  less  weight  of  metal  retiuired. 


of    satisfactorv   cobalt 


A  laryc  mmilMr  of  pl.iiiny  f\|HTiiiuiil-  wire  iiinlfrt.iki'H  .il  iliii  l.ilmr- 
ati)r\'  with  ii\if\v  ii>  >iii(l\iiin  tlic  (|iu'sii()ii^  uuilimil  .iIm>\c.  NiitiitTiiiii 
t\[HN  "f  ciiliall  liallis  wvn-  ii-.(<l  ,iii<l  (■xinrimriit>  ptrlnrnifil  wiili  \arioiis 
(■oiici'niraiion-.  <if  each  ^oliilimi.  'I'lu'  uliicci  ul  ilii^  paper  i-.  ii>  >ei  lorlli 
tlu'  (lata  of  these  ex|)erinienl-.  .iiiil  tile  ('oiirhi>ic>li>  to  lie  drawn  iherelrnin. 

The  following  paragraph  shows  liriellv  the  wiile  variance  in  opinion 
to  lie  found  in  reviewing  the  inosi  important  contrilmtion-.  lo  ihi-.  -.iiliiect 
ill   the  liter.itlire. 


i.sTi.uATi  ki.  ON  i;i.i.(  'n<()-i)i;i'()si  ri()\  oi-  (  omait. 

l.aiiKlii'in.  in  liis  well-known  work,  "lllectro-depo^ition  ol  MetaK,"' 
devotes  nearly  one  hundred  ,inil  >e\enty-live  pai;es  to  ilie  deposiiion  of 
nickel,  an<l  a  scinl  two  p.i^cs  to  the  (lepo>iiioii  of  coli.di.  Willi  rei^.ird 
torolialt,  l..in);lK'iii  rem. irks  , is  follows': 

I'nr  pl.iliiin  willi  iciImIi,  till-  li.illi-  K'MH  uikIit  "Nirkflliiin"  iii.i\  In-  umiI  Ii\  «iili-iilii- 
tinn  fur  llir  nil  kfl  >,ill  .1  r(itii-.|i(iii(lint;  (iii.iiilil  y  of  cuImIi  s.ill.  U\  olisci  \  iiii;  llic  nili-* 
Kivcii  for  nil  kclliiiu,  llir  n|Hr.ilii>n  iiriinrcU  willi  imm'.  .\niiilr>  of  iml.illii  (nli.ili  .iir  in 
1h'  iiM'ii  ill  pi. MM-  nl  nil  krl  iimxlt-^. 

Nirkil  lii-iiiK  I  li(-iiiH-r  ami  itsmluiir  hhiu-wIi.iI  wliiur,  i-ln  trujil.iUiiK  «illi  loli.ilt  _  i« 
lin;  liiili-  |.r.u  ii>i-(l.  On  aiionni  of  tlir  t;ri-.iti-r  soliiliiliu  ul'  ioIliIi  in  ililiilt-  ^nlpliiiric  .i(-|il, 
il  is,  liowi-M-r,  ii!iili-r  .ill  iii-iuni-.i.iinrs,  lo  In-  prrfi-rriii  for  f.niiiK  v.ilii.ililc  (op|K-r  pl.iti-s 
for  printiiiK' 

.\(-(-ori!iiin  lo  I  111-  niori-  or  lfs~  c.iri-fnl  ailjn-tincnl  of  mhIi  pl.ilrs  in  llir  prc-.is,  tin-  f.irinj; 
in  sonii-  pi. in--  i^  inorr  or  li-ss  .ilUirknl,  ami  il  ni,i\  In-  il«-«iri-(l  lo  ri-inovc  'lie  ro.iiing  .iml 
make  a  fr<--li  ilcposii.  l-dr  iliis  purpose  ( ■ailfi-  lias  pro|HiM-il  ilii-  iisi-  ol  roli.ili  in  plaru  of 
niikt-l,  li<-(-.nis<-  llii-  former  lli^sol^l■~  slowly  Inn  i oniplrli-h-  in  iliinu-  snlplinrii  ,11  id.  Hi- 
r<-(-oiiiiii(-iiils  a  soliilion  of  oiii-  p,irl  of  ihloriili-  of  ir.li.ili  in  u-ii  of  w.iur.  'I'lu-  s,,liiiion  is 
to  Ih'  iR'Utralizrd  with  a(|lia  aiiiiiioni.i,  ami  t'u-  |ilat(-s  art-  to  In-  i-li-rUopl,iii-il  »iili  1  lu-  use 
of  a   iiiiHlrr.iK-  cnrrrnt. 

From  our  experiments,  we  find  in  genera!  that  thi- siibslitiition  of  colialt 
for  nickel  in  l.an^'heiirs  liaths,  as  reconmiended  li>'  him,  does  not  do  justice 
to  the  metal  cohalt.  These  haths  have  been  primariK'  worked  out  for  nickel, 
wlieri-as  cohalt,  heins;  in  n-  in\-  instances  of  far  j^reattT  soliihililN  ,  required 
a  much  more  concentrated  hath  tiian  that  recomniended,  for  the  fastest 
and  best  jjlatiiiK-  Some  of  our  best  cobalt  solutions  are  not  included  at 
all  in  i.angliein's  list. 

MacMillan,^  Watt,'  and  others,  report  that  cobalt  deposits  art-  iiarder 
than  the  corresponding,'  nicki-l  deposits      Urochet,*  says: 

(  .ili.illini;  li.is  bci-n  propoM-il  in  pi. in- if  iiii  killing  wlii-ii  ,1  di-posit  of  i;ri-.iu-st  h.ird- 
ness  is  dr-irnl. 

On  the  oiIkt  hand,  l.an^'bein-',  Wahl,''  .ind  others,  say  that  cobalt 
plates  are  softer  than  the  corresponding  iiicki-1  ones. 

S.  P.  Thompson'  finds  that  articles  jilated  with  cob.ilt  are  less  corroded 
in  the  atmosphere  of  London  than  either  siKer  or  nickel  plate,  while  Stolba* 
reports  that  cobalt  salts  treated  like  nickel  salts  \ield  metallic  deposits 
of  a  steel  Kfi'V  colour,  less  lustrous  than  nickel  :>nd  more  liabli-  to  tarnish. 

^  "I-JfCtrn-Dcl)Osition  of  Mt-tiils."  Lanuboi.  ,  6tli  Kijitinn  Rfvi-;c'l,  ili-nry  ("iiri-y  iliiini  ami  Cu..  I*llila- 
ili-l|.liia.  11.  .MS. 

»  Kli-ctro-MetallurKv.  MacMillan.  PXIl.  r.  227. 

>  Klcrtro-pla'.inii  anri  Eli-ctro-rerinini;  of  .\h-tals.     Watt-I'liilliiii,  PHU.  |..  .161). 

*  Manuel  I'ratiqae  de  (iixlvaiwplastip.  19(IX.  i>.  .11.1. 

*  hk-ctro-platitiK  ol  .Metals,  0th  hdition.  p.  .11''. 

'  Klectro-plalinii  ami  Klertro-refininc  of  .Metals.  Walt-l'liillil).<.  l'«l-'.  p.  .160. 
'Journal  of  Institute  of  I-:U-ctrical  Knpineers,  1S«)2,  11.  .S6I. 
•Electrical  Review,  Nov.  I«th.  1SN7.  p.  503. 


Wliilc  Honu'  autli<>ritii'-<  rt'|Hiri  tli.ii  ii  is  praciicalK'  iiii|MKsili|i'  ii>  olitain 
a  i|('|H>sit  III'  ciilialt  iiiciri'  ihaii  .1  few  hiiiKlrcdllis  nl'  ,1  inillinuirc  in  iliickiicss, 
lion, lilt'    >a\s: 

Kill  iniKiii  ilr|K.»ii<  iif  (11I1.1I1  ,ii(  f.i-iK  lilii.iini'il  imii  ••{  ,1  \cr\  nn^it  lliiiknr>s,  vt 
ill. II   rll'c  llii  ilr|iii^ili>iii  iif  ii.li,ill    i»  .1.  i.i»\    .1.  ill. II    III   ri.|i|iir, 

A  rcsiiw  of  iniu'li  (if  the  literature  un  the  elei'trii-<le|Hi-.itiiiii  nf  ruli.ili 
W.i>  |)re«.eiile<l  at  tiie  ineetiiii:  (if  liie  American  l'.le(  tr(i-(  lieiiiic  il  Nwietv, 
at  AtlaiitiiCitv  iti  April.  1<>1,<,  li\  ( ),  I".  W.itis.  A  ( (iti^ider.iiidii  (if  W.itt-' 
paper  eiiipliasi/es  the  (ii\ersit\  (if  opinidii  with  rey.ird  tn  the  idli.ili  pining; 
nu'iitidned  ahoxe. 

Watts  iiieiilidiis  alioiit  lifts  sdlutidii^  (if  cdliail  wiiicli  li.ivc  lieeii  ii-,e(| 
with  v;reater  (ir  ie-.-.er  siu-cess.  Sdtue  of  tin  m'  ,ire  similar  to  tlio-e  Used  li\  its 
iti  dtir  expi'ritiienis,  littt  several  of  our  liest  sdliiiidiis  ,ire  tiot  included  in  the 

list. 

Main  dl  these  liaths  are  recdiiimended  only  for  mtv  weak  currents; 
others  are  niore  or  less  indefinite,  and  there  is  ninch  contradiction  ainon^; 
them.  l"or  ex.imple.  the  first  solution  in  Watts'  list  is  tnentioiied  as  fol- 
l(iWs: 

B(i(|iUT(  I's  sdliitidii,  ,17  5  i;r.iMis  uf  (0I1.1I1  ( liliiridc  MCiilr.ili/cij  1)\  .iiiinioiii.i  "r  |Mii,|..- 
siiiiii  Indnividf,  yivt's  .1  brilli.iiil,  wliili,  li.inl  and  liritlli-  dc|iiisil,  ,1  mtv  wi.ik  nirrcnt 
lllll>l   lie  ll-((l. 

I.aler,  (|uoiin;>;  from  Watt-.  Isaac  .\datns  sa\s,  in  a  |),ilent  applic  it  ion: 

I  li.ivc  fiiii'id  ill, It  ,1  •.iiliiiinii  iii.idc  ,ini|  used  ill  the  iii.iniUT  dcscrilicd  in  llic  Iniiiks 
will  not  pnidiHT  <ii(  li  a  iiniiiiiiimis  .iiid  iinil'iniii  ili|msii  uf  loli.di  .is  i>  m-d  >-.it\  I'm-  ilic 
sul'l■(■^^flll   .iiid   jir.iiiii.il  ilci  liii|il,iliiin  of   Mill, lis  uiiji  icih.iji  I    |i,ivc   liiiiid    liirilicr 

tli,il  llic  »iiii|ilc  vails  uf  iiili,ili.  viirli  ,1-  ,iie  it't  oMiiiiciidcd  liy  Uicqiiirt'l  .ind  oilier-,  ,irf  iKit 
sill  11  s,dls  ,is  (oiild  lir  ii-rd  in  praiticil  clri  InipLiiin^  willi  idliall 

{•".\en  in  a  matter  so  immediate  and  imiiorlant  to  the  prat  tic.il  pL.ter 
as  the  acidit\  or  liasicitx  of  his  platinj;  liath.  there  is  no  general  agreement 
aniotiK  the  authoritii's  e\-en  for  nickil  solutions,  much  less  for  coli.ilt.  Dr. 
!,annl)cin-  writes: 

.Ml  nickel  li.illis  uiirk  liisi  wlicn  ilii-y  imssc— a  nrulr,il  (ir  sliiiliily  .icid  riMCiimi    .    . 
ail  alk.ilinr  rciiliun  (if  nii  kc!  li.itlis  is  alisnliiiily  dclriiiicnMl,  mu  li  li,illi>  dcpu-ii  ,1  iiici,il 
lull  ,111(1   willi   \t■l^i«i^h  inic  ur.  .111(1  (111  iKiI    \i(ld   lliiik  dcpusits.      licniull,    Kciiiu    .iiid 
')iiKliss,  ill  ,1  paper  read  licfurc  the  Anicricin  IJiclni-C  h(iiiii,il  Siicifly  ,ii   New    ^'drk  Cily, 
.\[iril,  l'M4,  M.iic  .1-  iivii  cif    iluir  xvcn  !,'cii('r.il  ciiiii  la-iuns  ilu-  fciMciwini;,      "A  i;cii«l  dc- 

po^il  iif  iiickil  iii.iv   1 Ill, lined  fniiii  llie  dmilile  viilpli.uc  if  ihe  -nhiiion  ,11   1  he  -iirf,iee  (if 

tlic  (.illiiide  is  kepi  alk,>liiie  ...  -inre  ,ilk,iliniiy  is  iie(es^ar\  f(ir  i;iiiid  elliiieiicx ,  il 
is  very  iiroli.iblc  lli.il  in  acid  wiliiiidiis  nii  kel  is  depiisiled  (inly  when  iiiipii\eii-hiiieiii  "f  the 
hydniKeii  (His  li,is  caused  ihe  sdliilion  Id  U'Cdine  .ilk.iline  ,iiid  ^ixi  11  I  he  ediidiiidiis  under 
which  nil  Kcl  iu,i\  (iepiisit. 

The  foreiidini;  are  hut  a  few  of  many-  conlr.idictory  statements  to  be 
found  in  the  literature  on  electro-deix)sitii)n  ()f  cobalt. 


SrBDIVISIOX   AM)  ARRAXni.MIAT  OF   I- XPI-.RIMKNTS  ON 
Kl.i:("TK()-I)i:i'OSlTIO\  ()!•   (OUAI.T. 

A  very  lart;e  number  f)f  plating'  experinu^nts  were  conducted   by  us 
at   this  labiirafory  for  the  niirpvscs  alrcath'  in(|ir:ited:    in   connexion   \vith 


'■  I.:i  (-.nlvanot.Iaiitio.  Boihint.  IS'M.  p.   >"t4, 

■  I'liiTlro-Ui'lxisition  ef  M       I=.  Dr   (ieii.  l.iinntitMn.  Atb  I'^iUtion  Revintd   p.  2^1. 
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wliuli,  xmif  >i\lt«ii  ililtrn  111    i\|h-.  uf  xiliitioii  or  ImiIh  wirr  tiiijil'ivfd 
.111(1  stiidird.     Tlu'  folliiwiin;  I'. I  li«t  of  till-  «rri«'>«: 


III 
(2i 


Strii-.  ill     Sirnpir  (•(>l(iilt-iiitiiii(tiiiiiiii  ^iilpli.ilr. 

(iilialtainiiiiiiiiiiiii  >iilpli.iU'.  wiili  .in  I'xcc--  i>f  .iiiinioniimi 

>ulpli.tt('. 
(iilialt  .iintiiiiiiiiiiii  Milpli.iir,  will)  .in  r\i'('-»  >il  ,iiiiini>iiiuin 

.>iil|)li,itt'  ti>  wliitli  i>  .iildrcl  citric  ,icid. 
('uli.ili-.iinniiiniiini  ^u'pli.ui  .  wiili  .iniiiiuiiiiiiii  cliluridc 
Culi.ilt  cliloridL-  with  ,i,iiiii<iiiiiini  chlnridi 
('iiliali-.iiiMnoiiiiiiu  >ulpli,ili'  with  Imric  atid. 
('iilialt-.iniinoiiiiiin    -.iilpli.itr.    coImIi    c.irlMMi.iic   aui\    Imric 

acid, 
(olialt  siilpli.iii',  poi.i>siiiin  citr.iic  .iiid  .iiniiiuniiitii  <  lilnridc. 
('ul).ilt  pli(i-.pli.iic  will)  MHliiim-p\  ropliospli.itc. 
( 'oli.ilt-.iniiniiiiiiiin   siilpli.itc   wiiii    iii.iv:iu'-.iiiiii    -.ulpli.ii'.'. 
I  It    siilpli.ilc,    nt'iilr.il    aniiiioniimi    larlr.itc.    v.illi    the 

additiiiii  i>t  t.uitiic  .k  id. 
(Kliall  sulpliaif.  piii.i— .iiiiii  larlr.iti'  .iiid  tartaric  .icid. 
Coliall  siilpiiatc,  sodiuin  cliioridc  and  Ixiric  ,(ci<l. 
(■«>l)all  sulpiiaii'.  aiuiiHMiiimi  Milphatc,  m.imu-^imii  ^iiljiliati' 

willi  lioric  acid. 
Colialt-etliyl    sulplialc,    xKJiiiin    Milpliatc    and    aniinnniinn 

cliioridc. 
Cobalt  siiipliati',  aiiinioniinn  stilpiialc.  aiiinidiiimii  chloride 

and  Intric  acid. 

I'.acii  set  of  pl.itiiiK  experiments  witii  a  dermite  s;ronp  of  principal 
coni|)oneTils  in  liie  lialii.  li  .>  Iieeii  v;iv<'n  a  series  niimher.  N'.iri.ilions  in 
concenlration  of  iiii>  liath,  or  ciiaiines  in  the  relativi-  proportions  ol  liie 
components  in  the  iialh,  iia\i  Im'J'II  desii;nati-d  i)\-  the  iise  of  snl>script 
lettiTs.  .\,  \i,  and  (",  etc.  This  siil)scripl  notalion  has  ,ilso  lieeii  iiseil  to 
include  minor  changes  and  additions  to  a  li.illi.  .Mso.  where  .i  nickel 
bath  has  been  used,  analo>;ons  to  a  j;i\en  cob.Mt  bath,  the  dat.i  for  the  ex- 
periments on  ii  are  noti'd  imiliT  the  corropondii  t;  cob.Ji  xries.  I'Or  ex- 
ample, SiTies  .?  refers  to  baths  of  cobalt  sulphate,  animoniimi  sulphate, 
unci  citric  acid.  .\  combination  of  thesi' was  called  111  .\;  w  iiere.i^  the  >.imi" 
bath,  with  a  small  amotmt  of  sodiinn  sitlphile,  to  note  it-  etfect,  was  called 
III  M.  and  the  same  bath,  siibstitiitiilK  -U  5  s;rams  of  nickel  sulphate  for 
the  .^4-.s  grains  of  cobalt  sulphate  in  solution  111  A.  was  called  -Milution 
III  C.  In  this  wa\  all  the  moditications  of  a  bath  are  grouped  under  oi;e 
serii's. 

mkth()1).\M).\kk.\N(.i;mi.msi  OK  I'l.vriNt.  i.xi'i;i<imi;\ts. 
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(X) 

(1)) 

(1(1) 

illi 

(l.'i 
(14) 

(l.S) 

(U)) 

.\rr.\nc;kmknt  ok  ki.kctric.m.  circiit. 

I'ower  w.is  taken  from  three  stor.i^e  bitleries  connected  in  series, 
yicldiili;;,  approxiinateh-.  (>  \oits.  The  various  baths  were  connecteil  inde- 
pendenlK-  across  tjie  0  volt  terminals  ot  this  sloraye  b.itter\-  set,  with 
appropriate  resistance  in  serii-s  with  each.  In  this  w.iy  the  potenti.il 
across  the  electrodes  of  each  was  cut  down  to  the  de>iuil  value.  \  live 
volt  ran!L;e  Weston  vdllmeler,  reading'  toll  Ol  volt>,  was  connectecl  diiecllv- 
across  the  electrodes  of  eacii  bath.  .\  Weston  inilii-ammeter,  ()00  iinlll- 
ampere  scale,  was  connected  in  strie>  with  e.u  h  bath. 


PI.ATINt.  TANK.  AMXOMPITATION  nV  KKFMTIVK  Kl  FCTRimK  Ml  RFACK 

Til"  pl.iiiiiK  lank-  ii-id  fi>r  llic-i-  <'\|ii'riim'iiiH  wen-  nf  nl.i«.s,  rt'i't,inv;ul.ir 
ill  hliapc,  and  nl  a|i|ii<>\iiiiat<'ly  the  tnllow  iiiy  iiitiriial  iliin''ii>.ions,  12"  X  '»" 
X  '•"■   >"iiit'  of  ilinii  wcri'  ilftptr  tli.in  lliis. 

Ill  Kciiir.il,  if  ilic  liaili  is  nut  larv;>'  in  rn>s--it'<iiii!i  iii  ('nii)|iari«<in  with 
till'  area  i>f  the  ilti  f<«lis,  ilic  n>uli>  nlitaiiicd  will  iioi  Ik-  rrpriKliu  itilr. 
W'f  Irit'il  (xptrinifiiiN  u>inn  a  l.iiik  ni>i  iiiiuli  lai>;rr  in  crns-.-sfciinn  lliaii  lln- 
<Ii-(  iiimI(«.  In  iliai  (MM-  thf  \i>1i.ik«'  rf<niircil  fur  .1  ^i^'""  iiirri'iil  di'iisiiy, 
with  clfctriKlfs  1l»  ciiw.  apart,  is  \»t\  IiMicIi  uriMlcr  th.iii  with  a  'ink  of 
loiiHidtralpK  l.irKcr  cross-sfctioii,  other  rondition-.  IwiiiK  the  ■..imc.  Tlii-i 
it  larj;<l>'  due  to  the  fact  that,  with  the  snialirr  <ro>s->t'ction  of  tank  tin- 
availaliK'  >o!ntioii  iiiiwcin  the  ihtircKJi's  i-.  diniiiiislu'd. 

I'or  ihf  iiio-.t  part,  our  clfitrodcs  wire  approxini.ticK-  .<"  "•  2"  in  siirfare, 
placed  from  10  to  J(l  iiiis.  apart,  in  the  centre  of  the  rect. insular  plating 
tank  above  inetitioneil.  If  the  eU'ctriKles  lie  kt'pt  in  plai'e,  the  tank  lowered 
awa\'  from  tlii'in,  and  siilistitiited  liy  a  very  l.irn«'  tank  of  the  same  solution, 
we  iound  thai  the  electromotive  force  aiToss  the  I'lectnnles  for  a  n'V'^'n 
current  density  diminished  hy  nearly  20  per  cent.  The  li-ads  of  the  eler- 
triHles  were  coated  with  a  layer  of  insulating  as|)haltiiin,  as  descrilied  in  the 
paragraph  on  electnxles.  In  the  case  of  thesi'  experiments,  therefort-. 
the  ilfective  electrode  area  is  something  like  20  per  niit  less  than  the  ex- 
posed surface. 

.\i;ain,  in.-ti'iul  of  suliniernin^;  electriKli's  of  the  above  si/e  in  the  middle 
of  the  tank,  in  s(»ine  of  our  experiments  the  electriMles  were  loweri'd  into  a 
tank  to  such  a  depth  as  to  be  just  covered  b\'  the  solution.  It  is  obvious 
that  in  this  case,  as  we  foiii.d  by  test,  tin  electn)moiive  force  across  the 
electrodes  woulil  diminish  if  tin-  height  of  thi'  bath  around  thorn  be  raisetl. 
This  is  true  e\eii  though  no  Kfi'-itiT  iirea  of  electnxle  is  thereby  covered 
will)  solution,  and  althounh  the  leads  are  insulated  with  rsphaltum.  The 
reason  is,  that  with  the  levc !  of  solution  just  covering  t.ie  i.<p  of  the  elect- 
rodes, the  electrical  field  between  the  up|)er  |)ortiou  of  liie  elecf-  '"s  was 
limited  b\-  the  sui  face  of  electrolyte,  as  coinparetl  with  what  it  would  lie 
with  the  electriHles  imineD.ed  in  the  centre  of  a  larne  binlv  of  electrolyte. 

("onse(|uently,  had  our  experiments  been  jH-rformed  in  an  ideally 
larjje  tank,  the  electromotive  forces  would  have  been  smaller  for  the  same 
current  densities.  We  jireferred  to  iisi-  a  bath  approximating;  to  the  con- 
tliti<»ns  of  platinu  practice,  and  have  in  all  cases  noted  in  the  tables  to  follow, 
the  values  of  current  density,  elect ronmiive  forci',  eti\,  just  as  observed 
without  correction. 

(lood  practice  for  coiiiniercial  nickel  pl.uinv;  with  many  solutions  is, 
to  have  about  X  gallons  of  solution  for  e.icli  s(|iiare  f(M)t  of  aniHle  surlace. 
In  our  expcrimenls  we  have  not  departed  widely  from  this  value,  .iltholinh 
we  IiikI  (Hl'fereni  solutions  re(|uire  a  somewhat  different  magnitude  of  this 
r.iiio  for  the  best  results. 

THE  PL.\TING  EXPERIMENTS. 


The  platiiiii  experiiiuiil  itself  coiisistid  merelv'  in  noting  changes  in 
apjiearance  of  the  solution  and  electrodes  as  the  dei)ositioii  |)ros;ressid,  as 
.veil  as  inakinj;  a  record  of  millimetre,  voltmeter,  and  lime  readini;s  at 
fie(|uint  intervals.  The  concentration  of  the  bath  was  measured  from  time 
to  time,  .uid  t!ie  phvsic.il  jiroperlics  of  the  res'.jllins  plate  were  studied. 

Wherever  current  el'ticiencies  were  desired,  millimetre  readings 
weri'  made  at  intervals  i.f  n  it  'i  ore  ihaii  two  minutes.  These  readings  were 
very  constant  in  all  cases,  ,so  that  more  frequent  readings  were  not  necessary. 


AImi  till'  rallHxIr  w,i»  jarifiillv  dritil  .iml  wiiuhcd  Ixfiirf  ...iil  afitr  tlu-  ili-- 
|M>-.ilii>n.  I'nr.mli.iii-  wrrr  t.ikcii  mi  iImI  luiiiliiioiis  of  wtik;liiiiK  'lu' 
fli't'tnMlc  Ixlurc  |il.iiiii^  anil  .iftrr  plating  wtre  iiltniiral 

.\il\aiilaui'  «a-.  taktii  of  the  wcll-km  >i)  lai  I  tor  llii'  ilf|H>^ition  ol  iiiiiccl 
ami  oilur  inrl.iN.  lliat  tli  ■  <l<  |K<-'i'  i--  itioii-  a<llit-<i\r  wiirii  ^inick  on  initially 
ai  a  liiulur  poiiniial  liian  i^  to  I  ,  u^ril  tiirouKlioUi  ilu-  yna'tr  pa^i  of  Uu- 
plaliiiy  run.  Onr  praciiir  wa^  to  ilitiiini-<li  ilu'  rf.i^lanir  in  srrii  •.  with 
llic  li.illi.  >o  that  .III  initial  rict  iromotivi'  forif  of  al>oiii  si\  \olts  \\.i-  ii>>»il, 
sciulinK  vtrv  roiisidiralilr  ciirntii'^  tliroiiv;li  ilu'  l>aili  'liiriiiv;  approximaltK' 
the  tirxt  tliirtv  m'CoikU  of  tiir  rim,  '\'\\i-  i  Ittct  of  tlii-  ua-.  iiniforiiiK  -.ili-<- 
factory  in  <au-<iiiu  tlic  platt-.  to  a<lliirr  liriiiU . 

After  a  -.iitl'iriiiil  plate  had  Imii  de|)o-itrt|  on  llu'  callKHle.  it  was  re- 
moved froii>  the  hath.  immediaIeK  wa^lutl  in  cold  water,  and  then  rin-ed 
ill  iMiitiiiK  w.iter  miiil  ii  canu'  to  a  uniform  temperature,  .ifttT  whirii  it 
wad  dried  in  iiot  s.nvdiisl.  'I'his  procidiire  wa^  pra(  ti-ed  liiroiiv;lioiH  the 
platiiiK  experin    iits, 

ihff.m;  and  fimshinc;  <;<»bvi,t  pi.atks. 

The  eathiKie  after  heinn  remoxfd  from  the  pi.itiin;  hath  and  dried,  is 
in  Ki'iieral.  while  .ind  metallic,  .ind  re(|iiire>  Iml  little  hiilhni;  to  pnMliice  a 
sali-factory  mirror  ^itrfaci'.  Our  practice  has  been  to  cut  the  i>l.ite  slightly 
with  tripoli  and  r.in  wheeU,  and  then  to  "colour"  the  siirlac c  with  -<oll 
l)UlTs,  as  N'ienna  linu',  to  a  IukIi  linish. 


I'RKPARATION  AND  ISI.  ( )l    KI.IU  TR(  )1)I.S. 

A\()1)KS. 

IJolh  cast  .md  rolled  anodes  v  ,  re  Used  for  these  exi)eriments,  the  robait 
emi)lo\i'd  .malyzinn  as  follows: 


//.'/.V 

2  AiiimIcs.  . 

•VJ"  X  2"  X  '," 
("a-t. 


Co 
Ni 
I'u 

S 

c 
p 

Si 


<).s-7l» 
t)-8ll 
21(1 
(l()4,< 
()()41) 
(I  (104 
()-l)5() 


//  JIO 

4  Anodes. 

.n"  X  2"  X  1". 

Cast 


.Co 
Ni 
Fc 

S 

c 

Si 


')«•()() 
0-7,s 

1-.Vs 

0(142 
(I '000 
0-007 
0()67 


6  AniKles. 


Co 
Ni 
Fe 
As 


7c 

<)8-7.s 

none 

none 


X  2y'sinl  loRusscl  Motor  Car  Co.  for 
L'xprriineiits 


I' 

,S 

c 


// .'.'/ 


4  Aiiodf j 


\i 


V,"  X  -'" 
RoIli(' 


X 


I' 

.s 
c 

As 


0 

•(){)67 

0 

(»52 

(1 

{)()\ 

'(^.i 

0 

75 

,^ 

72 

0 

0(15 

0 

(t2<> 

1) 

(152 

(1 

(148 

alir.i 

inch 
aniK 


I  111'  cast  aiiodi's  were  poured  in  sand  and  smootlu( 
sivf  wIk'cI  to  a  linishi'd  surface  of  appro\iinaiclv  .V"  ■ 
I  li        "    '  ■  .     . 


<lo\\n  with  an 
2"  X  ' " 
rolled  an.MJes  were  made  from'inuots  alioiii  .S""  in  leii.utli    and  1  sti 

'"  ^''rt^'v,"""',^' '"''■''  "'■'■'■  '■""^•<'  ''"""  '"  l>'-"i'^  1"  'I'i'k.  from  whirl, 
es  S'.     X  2     X   I    were  hmshed. 

Inipiirilics  in  Anmlvs. 

Nickel  anodes,  as  sold  in  the  market,  frc.iin.ntK  rim  in  the  neiyhhonr- 
iKKKl  ol  92  per  rent  nickel  and  / '  per  cent  to  8  p.T  cent  of  iron.  The  iron 
IS  (-asl  in  the  anode  I.ecaiise  pure  nickel  is  not  corroded  rapidiv  enoud, 
under  most  n^.uht.ons  to  furnish  the  necessary  metal  to  the  hath  Iron 
IS  a  cheap  material,  an.l  has  a  s..hition  tension  e.iouj^h  Krealer  than  ni.kel 
to  make  it  ellectiv.'  tor  the  end  „■  view.  The  greater  solution  tension  of 
cobalt  111  the  i)latin,u  baths,  as  compared  with  nickel,  ren.lers  practicable 
tile  use  ol  a  lesser  uiiouiil  of  iron,  or  of  no  iron  at  all.  \erv  pure  cobalt 
an.Mles  were  tvadily  dissolved  in  the  solution  under  the  con.litions  ,,f  manv 
ol  our  best  plalin.t;  tests.  • 

The  free<i(,m  of  th.'  cob.ili  aiio.le  Iron,  iron  no  .loubt  has  much  to  do 
with  the  c^m.imshed  c.rrosion  of  the  cobalt  plate  as  compared  with  the  nickel 
plates.      1  his  will  be  discussed  sllb^e(|uelltl\  in  the  Ie.\t. 

Rolled  versus  ( 'us/  A  nodes. 

Cast  an,.d,s  ot^  both  ni.kel  and  cobalt  yo  int..  solution  much  more 
readil  than  the  rolled  anodes.  With  a  number  of  ea.h  in  a  nickel  or  .-obalt 
bath,  the  pn.pot-tu.n  between  the  two  may  be  s.,ch,.seM  that  th.c.,mpo>iti<,n 
ot    the  eleclroKte  n mams  coiist.mt    a>   the  an.Hle  .uoes  into  soluti..n.      If 

oo  larKc.  a  proportion  ol  cast  anodes  is  us,,!.  ,!„■  an.nle  dissolve's  with  too 
«rtat  readiness,  and  the  bath  may  becme  alkaline.  Conversely  if  too 
large  a  proportion  ot  rolled  an,.des  is  used,  the  solution  of  the  anode  mav 
not  take  place  with  sulticienl  readiness,  and  the  bath  >nav  become  a.i.i, 
and  <lep letcl  in  meta  .  I  he  greater  solubility  of  cob.dt  anod.s  in  ,,  number 
-.1  ''n>lalingbath,.lescnbe,l,nthispaper,  , is  compare<l  with  nickel  ano,les 
■     the  cone.p.,n<lm«   m.kel   bath,  renders  the  use  of  a  larger  proportion 

t  lolled  an,Hles  possible  m  the  caM'  of  cobalt  than  is  custo.narv  at  prvsent 
«ih  mcke  m  the  ni.kel  platmg  tra.le.  riie  greater  s..lubiliiv  of  the 
cobalt  an.Hie  ,^  .liMmciK  in  it>  lav.uir  for  pnictical  plating  pnrp,.M-, 


CATHODICS. 
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!hMd< 
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lor   t!u-e   vX|n-nnHi;!s   wcr.    ,,1    i,iass,    iion.    ,ind    steel, 
usually    ,•!■.       X     2"     X     ',"    in     .limeusi.,,,.       One    si.l,.    of    the 


(miIkmIc  was  j;i\cn  a  liiijli  polish  with  ciiuTy  ami  l)iirtin]i;  whci'ls.  and  llif 
otiuT  \va>  luvtri'il  with  a  thin  coal  of  asplialiiiiii  \ariii>h. 

h  is  ol'  the  iiliiKot  iiiiportaiirt'  in  all  platiiij;  work  that  the  catlKMle 
lu'  al»oliiiti\  >mooth,  anil  iiioroiiL;iil\-  (■ltan--i<l  from  i)aitiili'>  of  tliist, 
Uri'asc,  etc.  This  was  accomplished  \>y  the  followini;  procedure.  Urass, 
steel,  or  other  sioik.  as  re(|iiii'ed.  was  first  machined  down  to  the  reipiiri'd 
si/e,  after  which  the\-  were  sinimtiied  down  with  an  einer\  wheel,  and  tin- 
ished  with  an  appropriate  lilltVinK  whiel  to  a  mirror  siirlace.  This  lett 
the  surface  with  a  certain  aniotmt  of  ^rea>e.  .mil  adherini.;  ImlViti!;  m.iteri.il. 
which  w.i^  removed  hy  scruhhiiii;  with  iv.iKe  c.iiistic  solution,  .\ller 
thorottKh  rin>iiii;  with  w.iler.  tile  electro<le  was  immersed  in  dilute  h\(lro- 
chloric  .H'id.  or  in  ililute  i)ola»ium  cyatiide  solution  .iiid  au.iiii  tliorouiiliK 
rinsed  wit!)  w.iler.      It  was  tiien  read\  for  use  in  the  hath. 

In  addition  to  ^iiioolii  pi. me  c.ilhoile^.  a  nuinlier  of  them  wiTe  prepired 
hy  cuttint;  l).itterns.  .md  depres>ioii^  on  one  side.  I'luse  were  used  in  the 
same  maimer  as  the  ^nioolii  one>  .ifler  cle.m^iniL;  .md  hilttiii^  .!■-  descriiied. 

n<i:i'.\K\i  ii>\  ol  >\i.rs. 

The  ammonium  sul|>h.ile.  .mimoiiium  chloride,  horic  acid,  citric  .icid. 
pot,i»iuni  citr.ile,  t.innic  acid,  sodiuir  sulphite,  sodium  pho-.ph.ite.  animo- 
niuin  tarir.ite.  and  mat;ne>ium  --uiphate.  used  lor  thcr-e  exiKTimenls.  were 
Merck'>  cheniic.illy  pure.  iMircli.i>ed  from  a  suppK-  house;  .is  were  the 
re.im'tits  used  in  the  prep.iralion  of  the  cohall  salts. 

.Ml  cohalt  comi)ound>  u>ed  for  these  experimint--  were  prepared  at 
Queens  l.ihor.itory.  and  the  mithod  of  prep.iration  ol  e.ich  i>  i;i\en  ,is 
lollow>: 

COB.VI.T  .SLl.PII.VrK. 

The  coh.ilt  >iilph,ite  used  for  thest'  experinieiit'^  w.is  prepared  hy 
dissoKiiii.;  ("o:,(  )i  in  IH'I.  and  addini;  an  equix.ileiil  of  lljS( ),.  The  solution 
was  then  e\.i])or.ited  to  dri\e  off  HCI  and  cr\ --t.illi/i'  (dS<),  7llj().  I'lie 
cr\stals  were  collected  in  the  u>ii.il  manner  and  iiealed  in  the  presence  ol 
II..S(),  until  SO:,  fumes  disippe.ired  .ind  the  sail  hec.inie  dehvdr.ited. 
Or  the  collected  cr\slals  were  ri--cryst,illi/ed  in  the  u>u.il  manner  where 
delu'dr.iled  >.ilt  was  not  doired. 

COB.M.T  .\MMOMlM  SI  I.PIl.VIK. 

rhi>  doiihle  s.ilt  W.IS  prep.ircd  l)\  inixini;  iiol  solulion-  ol  coh.ill  sul- 
phate .in<l  ammonium  sulpiiali'  coiil.iiniui;  luolcciil.ir  p'-oporlioiis  ol  e.icli 
of  the  sall>.  .\--  the  coli.dl  .immoniimi  --ulph.Ue  is  ies^  Miliihle  than  either 
of  the  sini;le  ■^,llls.  most  of  the  cr\  st.illiz.ilion  w.iNelTecled  in  the  imi  iiiixi'd 
solution.      The  cry-<t.ils  were  collected  .md  w.i>lied  with  .ilcohol. 

COB.VI.T  CIII.ORIDI.. 

The  cohalt  chlori<le  w.is  |)rep.ire(l  hy  dis^oK  ini;  CnS  ),  in  1 1(  1.  .md  .illtr 
fillerint;  off  the  excess  CoiO,  cr\  stalli/iiii;  tile  >,ill  .md  colUclini.;  and  w.ish- 
ini;  the  cr\stals  in  tlu'  ummI  manner. 


COH.M.T  I.TI1VI.  .SlI.PIl ATE. 

I".th\l  .ilcohol  and  conceiilr.ilid  sulphuric  ,icid  were  he.iled  lo;..;elher 
tc»  form  etiul  .--ulphuric  .uid.  Tiii^  w.i.-.  then  nciunili/cd  witii  c.tlciuin 
carhonate.  and   llu'  calcium  elhvl  --ulph.ile  crysl.illi/ed  h\-  lA.ipor.iiion  of 
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the  soliiiion  afliT  tillt-rinji  off  iiriTipitalrd  caliiiini  siilphatr.  Tlu'  crystals 
\virr  ri'-<liss()l\i(l  and  thr  calciimi  pncipitati'il  as  r.ilciuin  siil|)liatc  1>\  add- 
iiiji  sulpliiiric  acid  in  nioli-ciilar  proporiioii,  n'forniinsi  cilivl  siilijhiiric 
acid.  IVoliiy  prccipiialcd  coljaii  liydnixidc  w.is  added  lo  this  acid  imtii 
il  failed  to  dissolve  any  more.  The  coliall  elliyl  siil|)liale  \\..s  crxstallizid 
l)y  evai)oration.  The  crystals  were  collected  and  washed  in  the  usual 
manniT. 

Tni;  soi.rnii.iTv  or  con.M.r  .wd  nfckki.  salts. 

Tile  relative  solut)ilil!es  of  cobalt  sulphate  and  nickel  sulphati'.  and  of 
cohall-aininoniuni-sulphate  and  nickel-ainnioniuni-sul|)hate  are  important 
in  considerinsj;  the  ^'reater  conductix  ilies  of  the  cohalt  solutions  as  (ompared 
with  till'  correspondins;  solutions  of  nickel.  'I'hese  soluliilities  are  considerid 
later  when  discussinu  the  s^reater  speed  of  cohall  platini;,  .md  as  well  in 
coitsiderin^  the  saturation  concentration  of  some  of  the  liaths  emploved, 
so  that  a  brief  table  of  solubilities  at  room  temperatin,'  is  i;i\en  herewith. 

Solubility  Table. 

drams  of  sail  dissolved  hy  one  litre  of  Kater. 

This 
(■ome\'     Kraut-     l.aboratorv 

CoSO, anhvdrous     l.\~('        ?,hi  ,^,S()  ?,U2l' 

NiSO, "  "  40.=;  .^7<)  .•!(),< 

Co  [SU.h  (S()4),  "  "  171  171  104 

Ni  (NH4)o  (SO4K. "  "  66  66  72-J< 

The  salts  actually  used  in  makim;  up  the  solution  were  ("<>  .•7H-.(), 
NiS(),-7H4),  ("oSOr  (.\H4)2S(),-  6ll..()  and  Xi  SO,-  ( NHjij  SOrOH-C ).' 

Krom  the  abo\e  taljle  it  is  ap|)arenl  that  the  solubilities  of  cobalt  and 
nickel  sulphati'  are  not  \it\-  different.  These,  however,  do  not  lend  tliem- 
seKes  to  satisfactory  platini;  solutions  without  adding  various  other  com- 
pounds to  them.  On  the  other  hand,  cobalt  ammonium  sulphate  is  ap- 
proximateK-  2-5  times  as  soluble  as  nickel  ammonium  sulphate.  .\s  will 
be  sliown  in  Hie  se(|uel,  from  the  experiments  performed,  the  saturated 
-solution  of  this  cobalt  ammonium  sulphate  ot'fer.s  an  extremely  rapid  and 
satisfactory  plating  bath. 

(LKRKNT  DFASITIKS 

1  nless  speciticalK  stated  to  till'  contrar\-,  the  current  densities  j;iven 
in  the  tables  to  follow  and  tiiroui;houl  the  text  are  cathode  current  densities. 
That  is,  they  were  computed  by  dividins;  the  total  current  by  the  calhmie 
area. 

An  approximate  notion  of  the  anode  current  densit\-  nia\-  be  obtained 
from  the  followini;  statement,  although  it  is  imijossible  to  com()ute  it  with 
any  degree  of  accuracN'.  At  the  beginning  of  each  experiment,  the  anixle 
was  smooth  and  of  approximately  the  same  area  as  the  cathixle,  see  p. 
S,  but  as  the  experiment  proceeded,  the  an(Kle  gn'.du.illv  increased  in  ef- 
fective area,  due  to  une(|iial  corrosion  of  its  surface.  .\t  the  end  of  some 
of  our  exi)erinienls  the  antKle  area  may  ha\e  been  more  than  Iwi  .  that  of 
the  cathode. 


I  .\  ilii  tiiiiKirv  of  ChiTiiiciil  Siiiihilitics.  A.  M.  (  unicv    M;ic  \lilhm  ami  (  o..  l«i-<6. 
•Gim-lii       '■■  rant's  Uanclhiich  ih-r  aiKirKanisi  lu'll  CheiMk-.  I'XI'l.  \\A.  \',  Si'it.  I. 
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11  (Hir  (•(nuliisi()ii>  aiK 


(1  thriiu^ti  tlu'  ti'xt  of  lliis  pajuT  \w 


ik  «.l  al- 


lowalilc  iiirriiu  (IriiMtics  with  the  various  sohitions,  and  we  nromnu'iul 
etrtaiu  r.mj;i'>  of  ciirniit  ilinsity  wliirh  arc  iMrmi>Ml)lf  for  the  hest  plan-s. 
In  cwrv  case  '\e>e  are  eathodc  iiirrent  ilcn^iiies,  lull  are,  of  course,  only 
valid  with  a  suftuient  ancnle  .irea.  We  have  eoiiducted  otir  experiineiits 
un<ler  conditions  which  niinht  lie  called  k<«x1  standard  |)r,ictice  for  pLilinj; 
>hi>i)s,  which  means,  so  far  a>  aiKKle  area  is  concerned,  that  the  anode  area 
was  in  every  case  sf^'-'t*'''  ilii'".  ^'""1  '"  ii>;i">  <"a>es,  twice  that  of  the 
calluxle  area. 

AC '.i: INC.  ri.sTs 

With  all  the  plalini;  liaths  which  were  found  to  lie  s,uisfaclor\  or  proin- 
isinji,  l>oth  aKfi"K  ;">••  elViciency  test>  were  run.  The  a>;eini;  te>t>  were  h)r 
the  i)iirpose Of  a->certaininir  the  constancy  of  the  hath  durini.;  the  con- 
tinued ii^e  for  iilatini;  o\er  a  consideraliK  longer  period  than  w.i^.  nei-essar\- 
for  our  experiments.  Tile  solution  was  anaKved  lor  cobalt  content,  and  tested 
for  aciditv  and  alkalinity  at  intervals  ol  1.^  hours  durinti  platini;  reus  <)f 
one  hundred  or  more  hours' duration.  This  was  in  addition  to  the  series 
of  runs  alreadv  made  with  the  ^iven  hath,  operatint;  with  it  to  i)nxluce  the 
plates  studied'.  The  results  of  these  auein^  tests  are  ^'iven  with  each  set 
of  experiments. 

KFFIl  IHNCV  TKSTS 

Kfiieiency  tests  were  made  in  the  usual  manner  liy  cirefuUv  wtiuhiiiK 
the  (piantitv  of  metal  deposited  in  a  niea.^ured  time  and  comparing  it  with 
the  theoretical  amount  of  metal  which  should  have  been  dei)osiie(l  in  accord- 
ance with  l"arada\'s  laws,  ^'he  data  for  thes(>  tists  are  Ki\en  lor  each 
important  solution  in  its  appropriate-  place  after  the  i)latini;  and  a^einj; 
tests. 

KXPERIMKNTS:    .    .KCTRO-nKPOSITlON  OF  ( OB.M.T. 

Following,  are  described  the  various  solutions  which  wre  used  for  the 
coiialt  plating  ex|)eriments.  together  with  tlie  d.ita  of  tiie  platint;  experi- 
ments themselxes.  .After  each  series  are  recorded  the  conclusions  v  hich 
were  drawn  therefrom. 

Si£RiKs  1 :   CoiiAi.T  Ammonh  M  Sti.PiiATi;  Solutions. 


SCI  UTION  I  A. 

This  solution  was  analojjous  to  one  recoimnended  by  Dr.  Lani^bein 
for  nickel  plating,  and  consisted  of: 

Cobalt  sulphate         CoS()4 ^09  grams. 

Ammonium       "        (NHijsSOi 26-3       " 

Water lt»«>  ^'c. 

The  total  amount  of  the  bath  prepared  was  3  litres. 

This  bath  contained  cobalt  sulphate  and  ammonium  sulphate  in  mole- 
cular proportions,  and  by  reference  to  page  10,  it  is  obvious  that  it  is  only 
somewhat  more  than  une-third  saturated. 
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Comparison  of  Nickel  and  Cobalt  Solutions  of  the  Type  of  Series  1. 

I.aii«l-iiii  ri'comimnds  f<ir  tlu'  iiiiktl  IkuIi  of  ilu-  lypc  I  A,  with  an 
flectnxlc  (lisIaiUf  of  10  cms.  thai  an  ilrilnimotivc  forcr  of  ,?  voils  lie 
iMiiploycd,  and  lie  slati's  tlii>  will  giw  a  ctirriiil  <lciiMly  of  It-,^  anipiTrs 
per  s(niarc  dcciiiuMrc' 

\\c  wishi'd  lo  i-ompan  llir  lolialt  solution  I  A  with  tin-  corrfspondini,' 
nickel  solution  as  icnanU  ilic-ir  rilatiw  specific  di^cirical  (i)nducii\  itics 
i>r  with  n-yard  to  ihc  cicclroniotiM'  force  iio(  i'ssar>  to  ^ivc  a  specific 
ciirreiil  density  ihrounh  eacii.  ((tlur  conditions  hein^  the  s.uiH'.  An  ex- 
periiiienl  was  tried  usinji  solution  I  A.  with  wiiich  was  compared  the  follow- 
ing nickel-amnioiiium  sulphate  solution: 


Nickel  sulphate  NiSO 

Anunouiuni  siiljjhate  (NUii-.SO, 
Wai.  r 


M)')  uranis. 
_'()-,^       " 
ItHH)  ex. 


I  smji  the  proper  current  to  obtain  a  current  deuMly  of  ti-,^  amperes 
pir  s(|uare  decimetre,  with  lite  coiiall  solution  I  A,  it  was  found  that  the 
potential  dilferenec  lu  tweiii  the  elicInKles  wasO-XX  volts.  With  tile  identi- 
cal eleclnKJes  and  with  the  same  distance  hetween  them,  iiameK-  10  cms. 
iisinj;  the  nickel  solution,  the  potential  difference  helwi'en  the  dectHMles 
was  21  \-olts.  Thus  we  ha\c  the  \ery  great  difference  between  O'XS 
\i)lls  and  21  \-olts  reipiired  to  gi\c  the  same  current  density  with  these 
two  solutions,  oilier  conditions  being  e(iual.  wliicii  means  that  the  cobalt 
solution  is  of  \er\  imicli  lower  spi^cilic  electrical  resistance  than  the  nickel 
solution. 

>'  'riuis,  in  the  first  series  of  I'xperimenls  with  cobalt-ammonium  sulphate 
and  nickel-ammoniimi  sulphate,  we  found  a  rtsull  which  ra  niformly 
throughout  our  plating  experiments,  iianU'K-.  that  the  conduct!vit\-  of  the 
cobalt  bath  was  coiisiderabU  higher  than  that  of  ilie  correspon.ling  nickel 
bath. 


'  Dr.  Cn'o.  I.anKliein.  "ICkrtro-Dciwisitioll  uf  Mitals,"  6lli  ICiiitiim.  Ri-visi-il.  1'.  J.^.' 
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Data  of  Plating  Experiments,  Solution,  I  A. 
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Ageing  Test,  Solution     I  A. 


Solution  al  fud  of  aliow  st'iii's  of  t-\pirimcius, 
Ann.  1().   1")t4,  aftiT    ,?1    hours    plalini;   as 

shown 

Same  ;iftfr  4()  hours  ])ialiii^ 

•'        (u      ■■  "    '    

After    70    hours  plaiiiii;    sohiiion    was     diluuil 
i-HkIuIx'  to  original  xohniu'  to  make  up  for 

(.'xaporation 

Altfr    87  hours  platinii 

'•      102        ••  ••      ' 

"     117       "         "  


drams 
cohalt  in 
100  c.r. 
solution 


()<)4 
0<U 
0'>5 


l)<)4 
0')6 
u-<)7 
t)  ■  '>') 


Aciditv 

of 
solution 


.Neutral 


n^ 


14 

'I'lif  last  'X)  hours  platiiiK  wtTe  with  a  ciirrtiii  (li'tisit\  of  (1-6(1  ain|uTi's 
|H'r  s(|iiarc'  (li'ciiiictn'. 

1 1  is.  lluiffori',  cli'ar  ilial  this  solution  is  not  ihaii^;in);  rapidly,  aivl  that 
the  aiKKli'  is  di-^soKiun  salisl'aitorily.  The  siii;ht  iiurt.isc  in  coiKiiit ration 
is  arcoiniti'd  tor  liy  i'\aporation. 

Wtn'  similar  iTsiilt>  wen-  obtained  with  iron  ,ind  stci'l  callKKlcs  in 
place  of  brass. 

Solution  I  A  was  not  titous.;iit  sul'licifnily  important  to  warrani  a 
similar  serifs  of  expiTinuiils  Ix-inj;  made  with  the  eorres])ondinjj;  nickel 
bath  for  comparison. 

SOLUTION  I  B. 

This  Mihition  is  a  iie.irK'  s.iturated  solution  of  cob.ilt-ammonium  sul- 
pliaU'  and  w.is  madi'  b\  dissolvini;  2(10  grants  CoSO,  (.\H,i.j  S(),-()H;() 
to  the  litre  of  water,  which  is  e(itii\,tlent  to  14,^  jj'-ams  ('oS(  )4- (.\H,); 
S(J|  to  the  litre  of  watiT. 

No  reagent  was  added  to  this  solulion  after  it  was  made  up  to  main- 
tain its  netitral  reaction  or  for  other  purposes. 

Si)ecilic  C.ravitx    =   1  ■().=;,<  at  1.S°C. 

Data  of  Plating  Experiments,  Solution  I  B. 
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Iir.     mill. 
I        Mi       Hriiiht,    imitnrni    yinssy    jilatr.    wliii  li 
rrqiiirt-d  hut  little  biitVinn  to  kivc  a 
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A  miufi  -iitorjtli  briv;lit  plaic  obtained 
ovtT  ciitirr  siirfaie.  W  hfii  rol»alt 
platf  «as  dissolved  off  in  nitric  atirl, 
(■roo-,fs  lost  their  plate  tirst  sliowinc 
thinner  dep-  sit  there  than  im  hiviher 
places. 


\'ery   «ati-^taii(iry    plat.- 
and  ensily  butlt-d. 


Iiard.    brn;ht 


Kriiiht    nnilorni     i;!os>v    plate     wliiih 

retinired  bnt  hitle  l)iittini.;  to  wive  a 

satisfactory  surlace. 
.V    braiitifu!     smooth    plate    obtained 

over  entire  i^urt.uf.      Ili^>h  and  low 

spots  evenly  coated. 


This  plate  was  very  smtxnh  and  brinht 
on  removal  from  bath,  and  after 
slight  bufhnji,  assumed  a  beautiful 
finish.  I'niform  in  thickness  on 
hiijh  and  low  spots.  TliickneiS  of 
plate  0  06>  nims. 

A  bright,  smooth  hard  even  satis- 
factory deposit. 

Heaiutfiil  brijiht  «mo<>th  plate  easily 
buffed  to  mirror  surface. 

This  plate  was  very  snKK)i!i  and  Iiriyht 
on  removal  from  bath  and  alter 
slight  bnffinR  assumcl  a  beautiful 
tinish.  Iniforni  in  thickness  on 
high  and  low  spots. 
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1)  M> 
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III 
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AUK.  Jl 

II  f.l 
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11) 

.'(1  ; 

1                  1) 

Aim.  .5 

1  11 

Id 

1(1 

.i7  II 

1         u 

St-iit.  2 

1  0 

Auu.  4 

1    .5 

Sept.  14 

J  II 

Si-yit.  15 

.Ml 

2  ■  2 

I   .ill 
1   .!.> 


4i5 
4  5 


111 
\(i 

III 
III 

II) 
II) 

Jll 
I.S 


lir.is^ 

j;  II 

1 

llr.i-s 

y. 

Id 

lir.i>- 


11    7 


Hi  a 
11 


<    ll.ir.li  I.T    nl    1.1. ilr    .111.1    r.Mi.irlv-. 


A  tH-.iiitltiil   whil.v   h.itil   lii^<r.Mi-»  pl.ur 

nln.tl I  Willi  IH'  -ii;ii  >il  Imrniim  nt 

s<  .iIiml:. 


A  V'I\  -iMKHMll  t'Vrtl  li.iril  pl.iti', 
whit''  III  t  uloiir  wlihli..itt<r  slik;litty 
^lllltl1l^.  asmiitH-t)  hf.iutilul  *,a\%- 
f;n  tniv  tiiii-li. 
s.iiiic.  Nil  -.lutii*  <tl'  lniriiiiiL:, 
\'.TV  •^IIUHUh  rv<n  luir-l  lil.tlr  wliit-- 
in  tnlinir.  wtu-h  altrr  Vt-rv  slielitlv 
biilVmi;.  .i--(n!n.l  ImmiiuIuI  -.um- 
tarmry  riin-<lr.      No  siuiis  ol'  IniMiiiiii 


1  M)  ri.ur  f.iirlv  iinifonti  and  Itriuht.  but 
.l.irki-iif.i  ;it  f<In'.'s.  It.xaii  to  [icI 
at  oiif  connr. 

I  .^'1  Plate  similar  to  la-'t  fxprriiiH-iu  with 
hiirnint;    hti^litty    iiutrkLv],    ImK     no 

p.v!iMK. 

1  ('       ri.iti-    similar    to    pr.vinn-;    oiii-.     lint 

hiiiniiii;      n(»t       i|iiiti'      •:i)      iiiarki''!, 
Hiihcd     s.ui^Ia.  turiK.     hut     •^li.'ur-l 

Sliuhtlv     lutP-.l     illlr     tn     r.,<     t.uhl.lrs. 


0     |Siiio<(iii    niiiinrin    wliiti-   pla.   .    rra'iily 
biitli-d  to  tiiirntr  -url'arr. 

SaiiM- 

U      ( )ii    FriiHival    Iroiii    ^;iiliiti>.ii    plati-   wa^; 

vrrv  iitit;ht  ami  iintallir.  but  liail 
I  spbt  at  one  pla<  <-  aiiil  coiilil  be 
I  fif*ilv  rciiioVfil  trdiii  tin-  bra-*-* 
:      tatlio.Ii-.      Tliirkiir<s    i,f    plat.-    0    U 

riiiii.  at  i-ili;r.  \\  1\  I1IIM-.  ai   i  i-iitro. 

0      Smooth   unitoriii    wluti-   platr.    rcaiiily 
bulfffi  tn  mirror  stiiiatt'. 

0      jHcatitiftil   bright    smcmth    plat.-,    wliuh 
\      bri;an   to   sri<arat<*  trotii   <  aih<n|c  at 
one  I  orinr. 

0  4.>  X'.Tv  c-vrii  <iiiiimh  ll^■po:^i^.  havim: 
a"v:<Hi.l  hi>ir.-  wli.-n  poli>!ir.I. 

O  JO  Whin-  plat!-,  L'M.il  liislii-  wlifli  pol- 
ishttl.  >oiiit.'\\liat  roiiuh  on  bottom, 
shuuim;  ht'a\irr  drpo-jit  there,  alrfo 
small  !iirrou>  t'rtMii  l;.i>  streak--. 

n  \>  Sjilemiul  white  (Irp.iMl.  bill  craekeil 
a  >hort  (listaiKe  in  one  plaee. 

n       1^      txKn!   white   plate,   but   rouwh  on  bot- 
tom, ^howiiin  heavier  -leposit  tliere. 
■     also    \'ery    gniatl    fiirri)W>    from    >;as 
I     strcak-i. 


1>       'inrned  but  not  so  badly  as  4   >  atnpere 

current  densii\'. 
(I       I'latei?  biirne<l  alonn  pdt;es. 


A  numiier  of  the  above  plates  were  j^iven  a  very  se\ert'  heiuliiit;  lest  to 
stu(i\-  their  atlhesixe  (luaiitics.  In  e\ery  case  the  pLiles  siiiek  to  the  cathode 
after  hein^'  bent  backwards  and  forwards  at  an  angle  of  nearly  180  degrees 
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I"«-   I'l.i.ll.'.i.   -l„-,,k..,|.   V,. 


Sitiin' 

l> 

0 

>; 

Sl.-,.| 

III 

1) 

III 

'"i:-;i  1.':™, „;;;;;;;■"•■"  '■'" 


11      }''-'^ 

I  ..l..iir  ..miliar  to 


SI,.,. I 
M,  I,        ,, 


IS  0       ,sil 


•S'l.t.  11  i  II 

Npc.    It  i    II 

i^'PI.    It  .'    ,i 

Sipt.  U  M) 


'"■k.-i  i;.f,.,..  i,„m,i,,  ■  ■   ,„ ™  ';,  " 

ii;,„rl„;:/ '  '-<'■ -f^n^ii^h; 

""         "l^n/u^;,:--    ^' ^■"-    viTv    M.., 

'"   ''';::'i:;';l"":„  ::rrr":r-""T« 

'•,.:„i,i,a.„ii„,if;;n„,;''V'X„„;';^^" 
•■'"■■I,  'Mii.kiv.  ii,„.,.rf,.,,     '  ;;'v 

M,.,.I  ,  f'"";!!  an,l  stri-ak.-.l.  '    '   ' 

I-        I'     n         )s      Ti 

•         ":r;,.,r'"'""'  -'  --  --  -. 


'"'"""    '■^;';'';-''  -liillltly     alkalin. 

'-'  "  IS  -'■•*  l'l:,„ 

liili.iil    r,.n.|,.r,.,l  sliuhil.,      a.iil 
.--t..,.| 

^  111  II        1 


'"■'■''■'I      I'.i'llv.      S.v.Tal      |,..1H 
»■.■..■  ii,a.|,.  wuh  -iiaiUr  r,-.„|,.. 


S.,,|.    15 

S.-I.1.  I.i 


I    II 
J    .< 


st.-,.l 
III        II 

M.vl 


•-'        l.>l.,ur    viTv    ,l,irk.    ,.lli,.rwi<,-  a  ko.,,1 

;ilz«,i ' ^  '"■'  ■■-  - 

'-  '-'        <"l"iirv,.rv.|.„k.l„„f,,i„,„ ninisli. 

'  '-'        Niirfa,-,;  ,„v,.r,-,l  i,i«iariilv  .in, I  i,i  ,.,„„l 

h   Iha.,    „.r,.t„f„r,..  1„„  |„,  i,„||,     '„  „ 
"f  I.iMli,.l,.>-  „r  sir,..,k..      CiNinr  v.-ry 

P">it.     When    ,lru..|    i,    :,.,.:    a    v,-l- 

v,.tya,,,„.ar:m..,-.     s,.f;t..  ii, ".i, 

J liiillfil  ,.a.iilv  „n  <„f,  «l I 
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IH 
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II 

III 
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\'rrv  'l.irk,  Nirf.it<'  iu\i-n-'l  with 
Mnimti-  l.li-ittTi  or  pit-,  win.  Ii  cIm- 
ai'i>t'.ir«-'l  vlit'ii  hiiMi-ti.  >iirf.it.* 
rovrn-ti  'luitklv  iiii'l  » tiiiipl.tily. 
Tolour  jiiitmfiutnry  .itt<T  ImiIVimw. 

V.TV  it.ifk.  bilff.'.I  .MMlv  .iti.l  in  i;.»mI 
tiiii-ili,  \'rrv  hanl  plat*-.  tuiMtinr 
III  1  li..iit  nil  k'l  troiii  |'i..!iHtli.i|v. 
iw*i^  in.i'lf  .liinin;  tli<-  l'ill«'Wim:  i.ri 
il;i\  ■*  ri->*iilt»i|  ill  tiiiiil.ir  pl.it  i-,  (> 
Uh.  ...halt  silt-.  W.I.-  tl.-n  ail-U-.l  lo 
th<-  l.atli.  Sp.  (.1.  \1  Hf.  No 
liiTlhtT  ail-iitit'ii*  wi-n-  iti.nl.- 
in  itlity,  V.TV  i^liuliih  a.  !.l.  Att.r 
a«t'ini;  tnatii't-nt  tlif  -ii.liniiiii  w.i* 
pru.'tit  ally  tuMitral. 

>iirf,M«'  .i»vt'rc(!  vvtll.  u.m  iint  .is  tn'<» 
as  li.riii.-rK .  ilcpi.-it  iii.iirril  liv 
.  in  iilar  mark  iiUin-  NiiKtli  am! 
l.t.M.llh  ..I'  .atluwl.-.  (  ul.Mir  .lark.T 
than  niiki'l.  lianl  ami  lim-  «iaineil. 

Siitfarc  Kivcrft!  *t|.lftiili.II\'  ami  culour 
viTv  ;;ihh!,  \vithsti».<!  viTv  Iianl 
hutlitii;.  hilt  n-'|iiir.-.l  clily  liiilit 
trf.iiiiiriit  t.i  tmi-li.  \vt\  s.ilis- 
fattory  rc^tiliH. 

KlM'trdly/rd  Htihiti.ni  for  ^}  .  ..nr*f'f- 
iitivf  hniira  with  an  avtraii''  i  tirf'-nt 
of  HI  aiiiprt.-.  at  »  v.ilt-  'HI  s-i.  in. 
I  an.Mir  Mirt,i.»-.  A.LhM  »l  .In-p'' 
li(|ili»i  aiiiinonia.  Tnuprratili'-  TO 
(l.-i:r..^  liijji.  M..  <.r.  t  OMv  Aiio.l.- 
cftatrij  with  hinwiu>li  n*'l  tiliii  wlnn 
at  M  St.  S.tlt-.  .  r.-i-p  to  Iiook'i  aii'l 
remain  moi-t.  Sihiti-m  iifiitr.il. 
Shyht  ^»-.linii-iit  at   hott.mi  of  tank. 

Sniontli.  hanl.  inllii-niit  platr,  No 
tvi'lfrm-  !tf  .  rark-  or  lmrnin«. 
Tlii' kniHS     appri)\imat*Iy     ,',    in.  h. 


SniO(.ih.  whitr.  hanl  plan.  Dr^-w 
the  luhc  from  I"  .liaiiit'tfr  to  i" 
with  no  cianumt'  to  .h-p.isit, 

lupial  portion?  wfr.-  ni*  k.-t  antl  cohatt 
l-lat.-.i  f..r  I  h.Mir.  Thr  luo  ...at- 
iim-'  w»-n-  thin  Inifinl  with  •<ai\u' 
«trok.-.  Rtp.-.m-ii  triaN  i  iit  thr 
ni.krl  tliloin:h  hifon*  tlu-  .ohalt. 
In  no  ia-*c  »Ii'i  th<'  rohalt  i-xpo^.-  the 
brass.     X'cry  .onvimim;  t."*t. 

I'lan-  nf  i-.Mvl  roloiir.  hnih-l  .Msily  to 
■^plt'miiii  tiiii-;!!;  hnulin-.:.  haitunt-r- 
im:.  twistinn  Mi-l  ma  i  ra'  k  or  In.ix-u 

plat.-. 

Thr  r.itho.I.'  i..n«ist.-;t  r>f  -^ix  pi.  i  .-s 
St.-<1  hnok.-<l  to  \vii.>  ft. UN.'.  I'l.in- 
uot>.i  roloiir.  «mo<iih,  iianl:  tpi!  not 
rr.i.  k  wlirn  h<'tit  or  twi^t-il.  Ihif- 
f.-<l  to  i;oo.l  hni^h. 

D.-l.o-it  l"'4;in  with  i  iiirt-nt  drn^ity 
<if  .^i>  aniit.  piT  SI],  ft.  .iii'l'Lira-luaUv 
itii  nM>.-<l  P.  l  '.  -MtiT  10  tiiiiHiti' 
run  witii  thi>i  iiirn-iit  ih-nsit\-.  p!at<- 
hcL;;in  to  -ihow  sii;n-^  of  'tarkminu. 
Thi-^  howt-viT.  wa-  mit  ron-ii(|.-i.<i 
M-rioiis  until  .-vpa-.t  ion  i>f  .?'»  min- 
illi'<.  Kiitirt-  iiirtar.-  thii-ln-'l  .-a-iily 
(Ml  soft  otilf.  While  th.'  platr  was 
not  a  L'oo.1  s:m-<  iincn  from  n.  . oin- 
niiTfial  view  point,  tin-  n-m.irk.Llth* 
I'lhri.-nry  of  the  hath  was  .  U-arly 
.h-liuiil'!!  rated. 
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•iiiKT'-iith   III  i,.,„„.    |.|,,„. '  «; ' 

'"It    n.,1    h„ni..,|;     .,.\u„,.        ,Z7 
-™>.|.I.;    .11,1  i,„t  l,r,.,.k  whiMi     .,,  ; 

' '    ^'"luT!'"';:, ""  •'  '■"■"  "'  »">"• 
;«  .Ml,  '"'""""■  ■"■'■•""'> ■■"'■I 

Ill''      l...iliuf.i„|,|     |„.|,|„     i-nii.ilK      ., 

W.;.nl,uM,.,|ih,.„,,.. ,  ,;„■'  , 

:,'•■'     '"""    ""M    |,l.,i,.,|    ,„,,, 

ZI'U"    "■"   ■"■'"■'■"'••""■    w.th 

'  ""'•"'    '!'■"■' «    .11    limli    a.    hi 

r.«uii.  «,T,-  ii„,  „i. I,  a,  ,„ '„,;; t 

rrcdr.liin;.  ' 

(  rii,.  «,liit„,i,  .„  iiii,  ,|,,te  «a«  prnviiia 

•V"'.     -T..lMii.,.„.|,aii,|..r,.M"T.„„in-,|,., ,,    ,  "-v  wfi,  ,..|U  in  cv.rv  .Mail. 

Aftelnft  Test,  Solution  I  B. 

( drains col.ali  per      Acidiiv  of 
S..I.MH.„  a.  nul  of   il......  sories  ..f  ..xrHTinu'l"';''"'  ^"'""""-         '^'^'"''"" 

shown      .'  ^'""''  '•'  '"""'^  I'latinuas 
Sarm>  .ili.r    «>5  hours  nlatinu 
"110      '•           «    ^ 
"     1 25      "  "       

Solution  sii«hilv.|ilut.,l  to  original  voluuu.  ,o 

MK.ivc  up  tor  I'vaporalion. 
Same  afi.r  140  hours  platinc 

l.'^.'S  "  " 

"    170       «  " 

ren,  '!l'Lltv\:;'JT^:,1''V'':;  "1^  ' tr^''''"'''"  r'^'^'^f"-""  ^''  ^'  <■- 
an-a  uas  .U-O  s,,uare  c'entirn'r'-s         ^  '  "'"''"■  '''■'"'"—■     'Hu-  .atho.le 

-,aiu.  a,.s.,ut..K.  .•..n.'iui'arh;'":!  .!;:';:;::,-&:.  .;is. -!;ii;^" 

Current  Efficiency,  Test  Solution  I  B. 
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NVutral 


/■  ,  Run  I. 

i-umiii  rkiiMiv  appro."..  , 

Cathode     l.rass  asphalt.uii  on  hack  -area 
nnic  of  run 

Avcrat;.- current  throii.tih  hath 
I  hcoret.cai  wri.yht  of  cohalt  deposited. 

WeiKht  ol^  catiiode  l.efore  plating 

"       after 
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1  •'•  amp.  per  .sq.  dec. 
2') -2  s(|.  cms. 

1  hr.  0  min. 

<»-.<00amp. 

<••.?.?!  grams. 
55-21,? 
55  ■  5,^6 

()A2A 
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Kioi  If. 

(iirriiii  (1(  ii»it\  .i|i|ir()X 

("■iiIkmIc     l'r.i-»'  poli^lud  liolh  >i(lrs 
Timi'  III  run 

AMT.iyc  (til  rilil  lliiiiu>;li  li.iili 
'riuuiciicil  \M  iylil  (it  I'lili.ilt  (l«|Hi-iii<l 
Wtiulii  nl  ciiIumIc'  lnfi(rc  plaliii^; 
after 

(iiImIi  ilipiiHiicd 

(  I  UKI  \l    I  11  l(  II  \(  A 

'<,,!    III. 

CiirrLTll  (liMisiiy  appmx 
CallKMlc     lira->     ana 
'IMliic  nl  run 

.\\rray,i'  ciirrciil  llirmiKl)  li.iili. 
'riituri-iical  \\tit;lil  nl  culiali  (U|Mi-.iitil 
WiM^lU  nl  tMiiiiMli'  lifforc  pialiiii; 
"       allfr 

("i>i)all  (lf|)<)-.j.iil 

{  IKKI.Nr  I.I  IK  II  \(  V 


1   (1  aTiip.  prr  M|.  (lit 

17   4  -(\.  (111-. 

1  lir   II  mill. 

■  475  amp. 

K  52.<     i;rani«. 

54 -7(111 

5.V277I        " 

0  51.V< 

()-51,< 

'IS  2', 

(i-5_'.< 

(I<)11 

(I  W6 


,<•()  amp.  per  -<\.  ilcc 
.")•  5  >(|.  (  iii>. 

I  iir.  (I  mill. 

(I  •)()7  amp. 

0  ■•><«)  crams 
()<)-27«) 
7(>t<MI 

o-yii 

-      1)1. 5', 


Hidi  IV. 

C"iirri'ni  ilctisiix-  approx 

("alluidc     lira>s  poli^ilt■(l  on  Imili  -.ido 

TiiiU'  of  run 

.\\(Tas;i' nirrciii  tlirnii^li  iiaili 

Tlii'oritii'.il  w(i>;ht  of  coliali  (|t|)o>iii(l 
Weight  of  calhodf  helori'  plating 
"  "       after 

'    )l)alt  di|)o>ili'd 


(  ruuKNT  I.I  IK  ii:n(  A 


(l-.V».S 


(I  •(>.><) 


.<••)  .imj).  per  M].  dec, 
2(1(1  xp  cms. 
1  lir.  (I  mill. 
(1-.5W  ami>. 
()()5'>    i;raiiw. 

iy-,us2     •• 

1«)<)2,U 


Run   I', 
("lirrent  (leiwil\  approx 
("alliode     lira>s  polislud  uii  liolli  side>     .iici 

Time  of  run 

AM'ra^e  cnrreiH  tliroiiiili  |p.;"'i 

'rhi'oretical  weight  of  coliall  depo>iled 
Wei^ilil  of  ealliode  liefole  pl.uiiiK 

"  "  «       after        "  


Cobalt  de])osited 


CrRRIAT  I.I  IK  Il.\(  V 


0-5'.)! 


0  •  650 


.<•()  amj).  per  >t\.  dec. 
2(l()  s(|.  cm^. 

1  lir.  (t  mill. 

(I-  5'XH  amp.  per  scp    dei' 

()()5')    gram-. 
211-2194'      " 
2(l-f<l(l()       " 

()-59(H. 

=    .s<>-7'; 
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riif  cl.il.i  (if  the  plaliiiK  t\|Mriintnl»  fur  solution  I  H  ».li..u  iJiU  dilution 
l<»  Im'  tvinark.il.lf  !.ir  tlu'  iMi.iiulv  liiuli  .  urn  iii  .l.iisiii,.,  .,t  wlii.li  ,.iii^- 
t.i.i..r\  pl.ii,-,  in.iv  l,v  ..l.i.ii.if.1.  \\V  liii.l  Mu  nrur.l  ..I  iii.  k.l  plaiinu  I.,  inn 
iiroiiipliHlu.l,  ,A,i|.i  iiii.lir -.iM'.i.il  luiiditiniH  Midi  as  with  roialiiiK  raili- 
«hUn  .11  allMlii.iv;  likr  ill.'  s,iiiir  -prr.l.  (  otinmr.  ial  l.sis  (s.c  p  65) 
show  that  .M  II  liiv;h.r  >p(...<|,  arc  |>..,,il.|,-  will,  i|,i,  ,oliiii..n  uiidir  tin-  cin- 
ililii'ii  III  plating;  prai  licf. 

Ii  i>  lairU  Will  nc  nuiii/.il  ihai  aii\  inipruMiiunl  in  ilu-  rhiiiiiral 
r..iiip.Mii,,ii  ni  ...liiiiuiw  Inr  ni.k.l  platiiiK.  in  nr.l.r  thai  a  fasirr  rair  ..f 
-Uposilinn  ina\  !«•  I.n.iiulii  alH.ill.  wciild  liavr  m  !«■  Imm.I  uihiii  a  liiuluT 
<"'i'"  'ilralic t  ihr  iii.kil  ion  in  llir  s,,liiii,.n. 

Th.'  invriihTHuf  IVoin.iluMs.  IVrs.K,  and  oih.r  >alls  f,,r  .uiinnl  rated 

ni.k.  I  suiiiiiuns.  j.Mil.i  had  ilii,  ill  mind.     Hhm.  mw  l.atli^  are  „i  .oni- 

paralnily  r.r.iii   ni\..|iii,,n,  and  thrr.'  is  .niisi.KraMc  <livirsitv  of  opiniiMi 
.IS  In  tjifir  inrrii-.. 

'"'"'  P^K'li'-.il  pI.iltT  knows  th.ii  \n-  .-.iii  carrx  in  hi,  plaiini;  hath  \>  «/. 
ol  <Ioiil>|(.  iiirki  I  s.ilt  per  gallon  of  w.inr  in  ihr  sinniiur,  .iiid  .iLoiil  ')  ../  of 
Ihi'  .sinu-  sail  per  kmHoii  in  the  wiiit.r,  willioiii  ilanurr  of  frcqiuni  .t\m.iI- 
h/.ilion.  lakiili;  llir  higher  of  iIuho  lijinns.  ^^^■  havi-  a  hath  .•.niivalrnt 
to  ahoiii  NO  ^;ranis  (Ml, I  SO,- \iS(  ),.f,||,( )  p.T  jiin..  This  solution  .-.m- 
l.iiiis  .ippruMm.iuK  l-.S  per  .ini  nutallir  ni.k.l.  On  ih..  ..ih.r  haixl. 
UsiiiK  the  I  roni.tluus  salts  as  hoiiv;hl  .iii  the  m.irk.l,  .is  inii.h  .i.,  2  Ihs.  may 
Im-  .IissoIm-.!  1,,  ih.'  Kaliun  nl  w.ii.r  withoin  d  mnir  of  <r\  stalli/ati.>n  in  ilie 
MimnuT.  Sin.-.'  tins  I'roiiulh.iis  sill  .diiiains  ahoiit  2,H  per  cut  of  \iSO,. 
this  hilh  will  .■oniain  appro\iinat.l\  if.  per  ..nt  of  ni.lalli.-  ni.k.l  iii 
solution.  Ilii>  trtni.ii.loiis  in.r.as.il  mct.il  coiitiiii  of  tli.'  lali.i  hath 
ac(diiiitsforthcKri'.ii.rsp...dat  which  pl.it  inR  is  possil,;..  wit  |,  ii. 

Comparini;  th..  .-..hali  soltiiion  I  W  with  this,  wr  n.>ic  il,al  it  .-oni.iins 
2(M)Kr.ims..l  (  oSO,  i  \  I  |,i.,SO,f,H.,0  i,,  il„.  |i,n..  so  ih.it  it.  .■oii.-.ntraii.m 
m  m.i.i  lu-  ,„hali  is  .ipproxini.ii.ly  Ai)  per  ciiit.  U,.  w,,i,|,|.  ih.r.lorf, 
i-\p.ri  this  s.,liiii.,ii  to  h,'  a  v.ry  ra|)i<l  pl.itiiiK  on.',  f.isi.r  th.iii  ih.'  oth.r  as 
vvi-  liii.l  It  to  h...  aiKl  It  has  th.'  a.lv.iiitaur  ..f  h.inK  free  from  m.iKii.sinm 
sulphatf.  iH.rir  ati<l  .iii.l  I  he  lik.'.  whi.  h  .ir.'  v.rv  <  .msi.hr.ihlc  and  nc.rs- 
sary  .•oiislitii.ins  .,1  all  tlii'  .•.nicnlr.it.-d  fast  platiim  ni.k.l  solutions. 
.Morcov.T,  w.'  Im.l  «it|,  all  solmiuns  of  this  tvp.'  that  th.-  n.h.ilt  h.ith  is  a 
luii.h  111.  r.;  r.ipi.l  plalinv;  on.'  th.m  th.-  i-i  k. '  i  uh,  t.ikir.-  them  .it  tin-  same 
i-on.i'iilr.iiion.  l-.\|).rini.'iiis  ...ndii.t.-.l  iin.,.,-  ...n.litioiis  of  pn-s.-i-t  plat- 
ing pr.i.ii...,  .I.m..nsirat.'d  th.it  this  soluii.m  I  H  w.is  capahl.-  ..f  pl.iiinK 
roh.ilt  s,ilis|,,.'i,,rily  at  s.-v.ral  times  the  sp.-.-.l  iluil  the  lV..nielheus  salt 
\v.is  .ap-ihl.-  ol  plating  niekel.  (See  p.  65 1,  'jhis  ...mparison  w.is  for 
the  h.-st  .■.in.Iiti.in  for  .-.i.li  lh.it  w.is  known  t.,  the  pr.i.li.-.il  pial.r  in  .h.irne 
ol  lilt-  plaliiiu  .slahlishment  in  <|i]eslioM.  aii.i  lo  us  as  a  result  ,,f  all  of  our 
exp.riminis. 

SOI.ITION  !  C. 

This  soluiion  eoni.iiiis  lohali  sulph.ii.-  and  aiiinionium  sulplial.-  in 
ni..l.-.ul.ir  pr(,p..riions.  an.l  is  interim-.liale  in  .■oneeiilration  helwccn 
I  .\  iiiil  I  H. 


("ohail  siil|)hate  ( "oSO, 
Ainiiiiiniuiii  ^iiipiiau   ;.MI,i-SO| 

Water  .  .  ,  .       

Tol.il  hath  l-?i  litres. 


40  (.;ranis 
1000  I-..-. 


it 

Data  of  PIntinft  Kxpeiimentii,  Solution,  I  C. 

IU>.M)niin;  M,i\  5.  l')t,<,  ,1  Mfir-  nl  |il.iliiiu  ia|»  riim  iil^  wvrr  ndi- 
iliirifd  i>n  ilii^  li.iili.  riif  tl«(  in>iniili\f  tun  f  ,uri>^^  ilir  t  In  iriMl.s  w.f  pm- 
i;r««-«i\rl\  iiicMMMil  Ml  tli.it  .1  M  rii-<  ul  pl.iti-  w.t»  ulii.iiiuil  .ii  iiirri'iii 
il(H-.itii'-.  Iroiii  (l.<0  to  \  ■  IS  .imi«it-.  pri  -ini.irr  dii  imtin-  in  ilif  iii.timir 
>hu\vti  ill  till'  i.ilil(->  III' il.il.i  li»r  si.liitiiiii>  I  A  .iikI  I  H.  Suliiiiini  I  ('  i-. 
illHTiindi.ilc  in  i  mic  tiitr.itinn  lutwrcii  I  A  .iiid  I  H.  .iinl  ii^  |iriipt  rlii^,  .i-. 
rrn.inl-  ilif  i|<'|Mi-<itiiiii  tif  iiH  iiici.illii'  tniitcni,  wr  tiiiiini  ii>  \n-  (cirn-.piiiii|- 
innl\  iiitiriiiftli  r,i'  Uiwfcii  tluM'  twn.  It  i>  tint  in-.irU  .i>  r.ipiil  iiur  .i^ 
-.ali-.t.i<i(iry  as  m-'    linn  1  \\. 

(  "llM   I  I   -KiN'.. 


(li  (oli.ili  pi. Ill--  Iriiiii  tluM'  ((ili.ili  .iiimi.Hiiimi  ^iilpli.iif  -nliiiidii^. 
on  lir.i-.-.  .in«l  iron,  .iri'  tiriii.  .iilinrcni.  Ii.inl  .mil  Miiiloriii.  .mil  ni.iv  ri.iiliK 
he  liiilii'il  lo.i  -..iti>f.i(  loriK  tini^litil  siirl.in-.  Tlnv  l.ikc  ,i  \ir\  iiii;li  |>oli»li. 
w  ill)  a  itt-.mtiliil  lii^trt',  w  hiili  .illlioiiuli  hrilli.miK  « liiir.  po^>i-».i-^  .i  ^liuliily 
liliii>li  (M-.I. 

(2i  I'lii-  >pr<  itir  clfrtrii  .il  ronilui  li\  it  \  ol  llir^'  i  oliall  .miinoniimi 
sllipll.ltr  Miiiition>  i-  \rr\  nun  li  lii^lirr  tii.m  ill. it  of  tiic  riiiri--pouiliiiu 
nicki'l  s(iiiiiioii>. 

(,<i  All  ol  liir-i  roli.ill  pl.ili'^  williiii  llir  i  Mircnl  liiiwils  r.mi;i» 
iltM-riliril  .i>  •^.ili-.l.u  lor\  ,irc  .i-  »mooili,  ,iiI1u-.im  .mil  tinir.illv  ^.iii^l.nlorv 
.i>  llir  hot  nil  kil  plalo. 

ill  Soluiiiiii  i  .\  <|iH-.  iioi  hiiil  iutll  to  iMhiiuK  l.i'^i  pl.iiiiiu  lik.' 
I  M.  but  >.itisf,u  lory  plalrs  tii.iv  lie  olii.iincil  with  it  .il  nirnni  iltiwilii- 
11])  III  ()'8(l  .mipiri'*  |Mr  -.qii.irf  lii  riiiifirc. 

i.^i  Solution  I  .\  nia\  lie  iiMil  at  liiylur  riiriiiii  ilrii>ilii  ^  i  li.iii  liiiror- 
iT^poinlinn  iiirkcl  soluiion.  for  wliirli  I  .aiii;i>iiM  nioiniuriiil-  .i  rum  ill 
ijiiwilv  of  U  M)  .mipcri-^  pi  r  M|iMri'  iltrimilri'. 

idi  Soliilioii  1  A  ilni^  not  1  li.iilm'  .ippiri  i.iliK  in  (oil, ill  1-oiilriil  or 
ill  .iriilitv  w  lull  ii-iil  o\  I  r  ionu  piriod-,  ol  liiiif.ii  llir  nioiiiini  ndid  i  iirnni 
diiwilic-. 

i7'  Nihilion  I  15.  wliiili  i-  .i  in  miK  -.lUiiMird  -oiuiion  . ,:  (  osi  ), 
(\H,i..S(),.  loiu.iiiiiiiu  iUU  cr.mi-  ot  (  ,,s( ),  •  i  \  i|,  ,s(  ),.(,il,(  >  i..  'li.  liin- 
of  w.Hfr.  \icliN  s.ili>f.ii-lor\  roli.ill  dipo,ii~  ,ii  ,ill  lurrnp  di  ii-iiir^  mm  io 
4  .mipcrc^  per  M)ii,iir  (Uiiiiuirr  wliicii  i-  Ml  .liiipi  ir^  pn  ^i|i:,iri-  hoi. 
Tlii-  \ir\  rapid  pliliiiu  w.i- pi  rtomu  d  in  .i  m,iiiinr  -iniil.n  lo  ili.ii  oj  i.ip- 
nion  pl.iiini;  iM'.uuif. 

i'lu-ri'  i^  no  nicUi-l  I'.iili  opi'iMlint:  in  liir  m.inmr  oi  ihr  ii-ii.ij 
rommcni.il  pl.iliiiu  i)rorfdinr  .il  .inxlliiii'.;  likr  .1^  liiiili  .i  lunnii  din-i;\ 
,1,  coli.dl  -oluiiiii  II!.  Mori-  ^pi-i  iliciliv  .  ilicillou.ililr  luni'Mi  iltii-ii\  uilli 
wliiili  .111  .idlurcni  linn,  ^niooiii.  wliili'.  Ii.ird  pl.il-'  ni.iN  lir  ola.Mi'rd  witli 
soiulion  I  n.  wiiliMiii  ~i;^n  of  piliiuL;  or  pciliii.;.  .'ud  Ml  wlii'li  in.ix  1m 
rc.idiK  ,md  -..ili^f.iilorilv  Inii-lKd.  i-  four  liim-  ih.il  lor  wliirh  ilir  -.luu- 
rr-llll-  iiia\   lir  ol  ii.iiiifil  with  llir  l.i^U'--l  loiuuicn  i.il  uii  kt  1  -chllioii-. 

'')'  l5olli  soiulion-  I  A  ,md  I  I!  ui,i\  \>r  ii-id  tor  pl.uiii-  on  ilir  ii-u.il 
Mirf.icc.  inrliidin,!;  Iir.i— .  iron  .md  -inl.  No  pn  liiuju.irx  lo.itin-  ol  ■■•ppii- 
is  ni-i'r>s,ir\   when  plalini;  with  llu--r  -.olriiou-  on  iron  ,ind  -inl. 

1 1(1'  Solutions  1  .\  and  1  H  iimv  liolli  lir  um  d  uiili  .i  l.irL;c  prop  Mi..n 
of  rolli'il  anodes  willioni  liecoiuin^  ,irid  or  dipK  ii  d  in  n  i  i.il. 

I  111  Solnlioii  I  H  does  noi  <'li,m-e  .ippni  i.il  il\  in  ioImIi  coiu.iil  or 
ill  aeidiu  when  u-^til  o\er  Ioul;  pi  riod>  of  tinir  .ii  llu'  rei  onuiu  lulrd  ln..;li 
curriiit    den-it \. 
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I  12'  Tlic  iiincm  (riiciciicy  <if  soliitiDii  I  I?  is  txircmiK-  liii^li  ai  a 
iiinciil  ilciisii\  (,|  1  ampere  per  xiuare  (leciiiielre.  The  iiii-an  of  our 
ine,|snreiiieiit>  wllieli  a^ree  \er\  well  aiiinllu  1  lienwelv  e-.  ua\e  a  \  iliie  iiT  '),S  .(I 
piT  e.nl.  rile(lirreiil  eHieieiiiA  of  xpliilioii  I  IS  is  as  IiImIi  al  S  amperes 
p<r  s(|iiare  <le(imelre  as  is  eommoii  for  the  liesl  iiiekel  solulic.iis  lliat  are 
Used  in  Iiiekel  plalini;  praelie<'  al  \cr\  imieii  lower  ciirreiu  deiisilies.  Tiie 
axciaiLie  ol  lliree  eiirriiil  ellieieiH  \  nieasiiremeiiis  willi  siijiiiiou  |  |{,  -u  ; 
amperes  per  s<|iiare  dei  iiiielre,  \\  liieli  nieasiiiemeiils  agreed  \r\\  will  amoiiii; 
ihi'iiiseKes.  was  ')(l-5  per  iiiil. 

'1  >'  Soliilioii  I  ( '  is  irilermedi.ile  in  eoiieeni  r.il  ion  lielwceii  I  A  auiI 
I  I!  and  ils  prop.rlies,  as  rei;.irds  speed  and  (|iialil\  of  ihe  plales  lo  In'  oli- 
1, lined  l  liereh,  mi.  are  correspondiii^U  iiueiiiiediale.  il  is  nol  iieaiK 
so  rapid  or  as  salisfaelorx  a  I  liii;li  eiirreni  deiisii  ies  as  1  |{. 

■Ill  Solmion  I  H.  when  op.raled  slii^hlly  alkaliiu-  \  ields  plaits 
which  are  ,i;ri  yisli  in  colour,  which  peel,  pit  ,iiid  show  Mislers.  This  solulioii, 
when  oper.Hed  ,icid  \  ields  pl.u.s,  which  while  f.iirK  ,!dhereiil,  lirni  .n.d' 
siiioolli,  ,ire  il,irk  ,iiid  fre,\kish. 

I  his  li.uli  should  be  run  neiilr.d,  for  llusc  ])l,iles  ire  adhereiil,  liiin, 
sinooih,  while,  li.ird,  \<l  e,isil>   liiilfed  lo  ,in  excellent  linish. 

\r':  S()lulioii  IB  re(|uires  \cr\  little,  if  .my,  ai;eiiii;  lo  put  il  in  con- 
<lilion,  1)111  \ields  s,iiisf,ici()ry  plates  almost  froiu  the  sl.irl. 

''!■       I'll''    "ihrowiiii,;"    pcpwer   of   sohni, n    I     U    is     rem.irk.iMx    salis- 

f.lClolA. 

'1/  'I'lie  aiKHles  in  sdhniun  I  15  ,ire  n  in,irk,ilil\  free  fidiii  .i  co.iiiiiiL; 
such  as  char.icteri/es  nickel  .modes. 

Soliiliou  I  15  shows  so  many  superior  (|U.ililies  lli.il  it  seenis  liivliK 
w.>rih  wliile  to  dexelop  it  furtlur,  .md  p.irticiilarix  to  studv  it  under  exact 
(■•mmercial  conditions.  This  work  is  repurted  in  a  later  |),ir,iL;r,ipli  under 
"Commerti.il  Tesls  uiih  Soliiliou  1  M,"  see  pat;e  f),5  et .  seip 

Si  1(11  s  2:    ((iiiai  i  .Xmmomi  \i  M  i.i'tt.x  ri;  Sot.t  t  idns  wim    \\  l'.\(  iss 
Ol    .\m\I(imim  Si m'ii.mi:. 

SOI  I    IION    II. 

This  -.oliiiiou  w.is  prep.ired  with  the  \  iew  to  incie.isiiii;  the  condii(ti\  ii\ 
1>\      ,iddili(Hi(il     ,1     rel.ilively     l,ir,L;er     amount    of    ,1111111011111111    sulphate. 
This  1 1,1th  differs  from  Series  t  in  th,it  the  ('oS(  »■  and  1  he  1  MIiijSO,  .ire  not 
in  mojeciil.ir  proportions, 
Solution    II    colli, lined: 

I  (ili.ill  siilpli.ile  ('oS(  )| 1()'  7  "r.iiiis. 

.\iiuiioiiiiim  siilph.ile  1  \ll,).jS( ), ,s(i-  7  yr.ims. 

^\'-ili''' 1(1(10  ,  .('. 

Il  upon  pi-ep,iriii^  tliislialh  il  w.is  somewh.il  loo  ,icid,  it  w.is  neulr.i- 
li/ed   uiih   .imnioni,!.     This  soluiioii   w.is  lioiled   in   prepar.ition   .md   prior 

to     tlsilly. 

This  soluiion  is  tnn    ue.uK    s.ituraled   in  coli.ilt   ,iiiimoiiinni  stilph,ite. 


Data  of  Platinft  Experiments,  Solution  II. 


(  ilirrnt 

D.it. 

.l,llI..-M-i 

ll.-t  -1. 

1  1..,  u.. 
tl\-. 

tl    \  nil  - 

I'll  1 

>■;.!,  IS 

II  i\ 

11    "1 

S-l'l.   IS 

II  -(. 

1      Is 

SrM,    ■'• 

,  .'.II 

1      '- 

-I, 111!    ■' 

I   1  Ml-^. 


!  AxUo-].-       |t,ii.it;i 
^■V' 111-.         i.l.itiii. 


(  h.ti.i,  I.]    "t    ;il.n.-    .1-1  1    t.'ii.iik- 


1  1^  (.MU'I         Uhlli-        '■\.-U        -Min-.td        'l.-|.M~l|. 

tinr  lu^llr. 


, I        Uillll-       mill. ■MM        ilcl..i~H        wilt 

hill-  Id-iK'   'A  ln-n   p  ■!i>li'-'l. 


1^ 


is    7 


lillv      .' 

1   II 

1    1 

111 

* ,      4 

jiily     .i 

1   11 

1    '1^ 

Ml 

J  7    .1 

July  l.t 

1  n 

J    lis 

1- 

V)    4 

July  14 

t   II 

.  n. 

1^ 

July  Is 

1  II 

1     1  ' 

1^ 

Jlini-  .'(1 

1    1 

1    il.s 

111 

j;  * 

II         IS  s-.[in.. 

1  II        \    l,ii..:hl    .-M.iiK    (|.-i...J|l,..l    1.1  .1-.    tint 

IIJ-I1..I1-. 

1  II  n.lVt.     -m.rulll     .111.1      I.Tie'lI.      -..IllrwI.ll 

-l..,ll,.,l. 

i  II        1  In-  run  liiii'i.-.ji  11, -In    I..II..U.-.1  ..jli.  .11 

.uililil      ■|,-ii-ily       11.      .Mli'i      111'- 

l-illMrr  Uir  -'-I. Ill- ill  W.l-  1 Hi  r.irtUT 

too    .I'l'l    .I'l-I    UUs    ll,.|lll.ili/r.|     Willi 

.1111111. nil. 1  .111.1  sli..:lilly  a-  i.liti'-.I  with 
b.iii.  ,1,1.1.  A  .ink  i.l.il,-  l>iii;lil 
Willi  lintrui'4. 

11       11. il,-   'l.tlU    hill    ...ilisli...l    ii|>   liri..;lilly, 
.>         II       !),.|„i<ii   .l.irk   I'lit   Iniili-.l   lip  tl'  -.Ills. 

t.i,  l,,i\    t.rilli.iMl    siirt.i.  .-, 
'         II      1  I  il..  I..1.IK  l.iiiii.  .i  .'vr  .Mlii,.  ■iiut.i,-,.. 
J         II      1  l.iu-    wa.s    vi'iy     l.l.i.  k     with     r..iii;h 

m.iiiiN-   siirf.i,-..   wli.-n   i..iiui\-..l   liniii 

-..l.itiiin.      Uiiiii'.'l    lit    -i.|.-^    .iii.i    lit 

hi.tt.nii. 
II       \  v.Ty   iK«>r  i.l.ilc  l.I.i.k  ni.,1  iioli-li..! 

Willi  .lirti.iillv 
I         i.t       I'l.it,.   \',  r\    uii-.ili-l.;,  l.'M  .   1,1.1,  k    nii,l 


HI        11., Ill  -iin,.,l  l,v  l,,il.l.liim  .lir  tim.iicli  it. 
I'l.it..  ii.'l  h  ir,i.  .111.1  huiii,..!  i.n  -i.K-s. 
..^,■11, Lilly    lliis,ilisr,i,.liir\- 
II       I'l.il.'.hirk  ,111,1  h.i.lly  Ihiiii,!. 


Suliiliiiii  II  iliK-s  iiiit  '^ixf  i;no(l  rcMill>  .iIidm-  ()-')n  .miprn.-  \Hr  sqiiarc 
(Ifcinu'tn'. 

Tlu-  siilulinn  iist'd  for  ihi'  alii>\i'  Mrics  <il  pl.iliii'.;  i'\|uiiiiiriils  w.i^  luimil 
tu  lie  unsalisliii-lnry  iiiuil  hoili'il.  Willi  .in  iinlioilcil  sulininn,  \i'r\  il.iik 
iiiisatisl'acii)r\-  plali's  wen-  oliiaiiuil  al  iiirriiit  lit'iisilirs  ln-twi'in  ()-.iO 
and  0-62  .iniinri'^  jur  square  diciinilri-. 

This  siilutiim  w.is  mil  tiinii;,;iit  of  siirtiricnl  inipi  irt.iiui'  Id  w.iir.mt 
in.ilcini;  a  sirii--  nl   ifsts  will)  niiicd  imiKJcs.  nr  ,ii;iini^  and  tlticii'nc\'  tests. 

("oNel.l  sioNS. 


I 

s 


111  Colialt  pines  I'nini  this  cnli.iU  snlph.iie  .iiid  .immnniiini  siilph.it*- 
snhitioii,  with  an  exi'i'ss  iif  aniniDTiiinn  siilpiiale,  mi  iir.iss  ,ind  irun.  .ire  lirin, 
adherent,  hard  .iiid  tmifurm.  .md  m.iy  ri'.iihK  lie  ImlTed  to  .i  salist.ietDrily 
finished  stirl'.ice.  within  tiu'  narrnw  r,ini;e  lecinninended  lnr  ihein.  'riiey 
take  a  very  iiii;h  pohsh.  with  .i  lie.mtiliil  histre.  wiiieli  .ihiinii^;h  iirilhantiy 
white,  possessi-s  a  sh.i;ht!\'  lihiisii  east. 

(2)  The  speeitie  electriral  eonihietiv  it\-  nf  sohiiion  II  is  ci.nsideralily 
hij;hcr  than  that  of  llie  rorrespoinhni;  iiiekei  sohiiion. 

(3)  Solution  II  is  not  a  fast  |iiatini;  sohltion,  ;uid  can  only  be  iisi-d 
at  eiirrenl  densities  up  lo  aimut  i)-W  amperes  jier  s(|ii;ire  dec  iiiulie.  I'liis 
batli  is  not  nearly  as  rapid  nor  ,is  satisf.utory  as  others  deserilied. 
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(4l  Solution  II  is  an  ;'nai(>);iu' of  one  proposcrl  I)^•  I.annhrin  for  nickel- 
linK,  of  \viii(  h  lie  says  thai  the  ni<  kil  deposit  piles  up,  espedallv  in  the  lower 
portion  of  the  ohjeit.  That  is,  the  lower  part  of  the  rathcnle  heconies  dull, 
burned  or  over-nirkelled.  Thi-,  takes  i)lare  with  the  nickel  solution  at 
current  densities  about  O-.^.S  amperes  per  sjpiare  decimetre,  and  conse- 
quently the  cobalt  solution  is  a  very  jjreal  improvement,  as  reKards  speed 
on  the  correspoixlini;  nickel  solution. 

(5)  Solution  11  re(|uires  to  be  boiled  at  the  outset  to  vield  satisfactory 
plates.     Othenvise  the  plates  are  dark,  even  at  low  current  densities. 

(6)  Solution  II  after  operating  a  number  of  hours  tends  to  become 
acid.  This  acid  may  be  neutralized  with  ammonia,  and  the  solution  '..j- 
aciditied  with  l)oric  acid,  t<-.  yield  satisfactorv  plates.  However,  on  this 
account  and  for  other-  mentioned,  this  solution  is  not  nearly  as  satisfactory 
as  some  others  <lescri!)eii.      It  is  not  self  susta-'"    ng. 

SicKiKs,?:  ("oiiAi.T  .Amnion;-  M  Sii.pii.vtk  With  .an  K,\(  i-.ss"  of  A.mmomlm 

St  l.l'll.VTi:,  .\\1)  (iTKK    .\{  11). 

SOLL'TION  III  A. 

A  bath  which  was  formerly  in  extended  use  for  nickel  plalinj;  is  pre- 
pared by  boilini;  .U  5  jjraiiis  nickel  sulphate,  with  5()-.^  ^nims  ammoiiiurn 
sulphate,  :>.id  adding  4-2  grams  citric  acid,  to  the  litr"  of  water.  .Analogous 
to  this  solution  lll.\  was  made  up  containing: 

Cobalt  sulphate  CoSO, ^4.5  urams. 

.Anuiioniiim  sulphate.  (XH|)j  SO, ,S0.,^       " 

Citric  acid 4.2        " 

^^•"'''' 11)01)  c,  c. 

When  solution  111  .A  w.is  not  found  to  be  verv  .satisfactory,  1  -7  gr.ims 
sodiiiiii  sulphite  were  added  to  the  litre.  I"hi-..  latter  was  s('.liitioii '  1 1 IH. 
TIk'  t^ital  amount  <il  the  bath  prepared  was  ,1  litres. 

\o  reagi  I  was  added  during  the  experiiiient>  with  tliisi'  solutions 
either  to  neiiti,ili/e  them  or  for  any  other  purpose. 

Data  of  Platinft  Experiments,  .Solution  III  A. 


D.ilr 
nl  ,A- 

pi'ninri 


(    ull'ht 

.l.-i'.-U'    in       M 


l'l.,tr...|.'       Ciih.,.!,.       l);,,,,t,,,„ 


u.-         ili.i.iim 


I  ham.  l.T   111    1  1  If   .111.1    rin.arks. 


Jiiri-  III 


June  2^ 


Jun..  Ill 
JuiH-  J^ 


1    J~ 


.'7    t 


1        ill       I  nifcriii  .li.iK.Mi  I, lit  v.Tv  .lark,  which 

u,i.i  siisivptiblc  I.,  bimht  ii.lisli  witli 

!..itliil". 
.1         II      IN, 11,-  liiack  but  sii,....di. 
1  I)       ri.il..  wa^  .^h^hth    ilark  on   rcmoviiii! 

Ir.iiii  hath,  .tnil  hutted  to  ,i  liiaiitiful 

hrnjht,  lii  an  siirt.i..'. 
I         ill       ri.ili-      siali>,       [...iliiiK      easily,      not 

■■ati5la.l..ry. 
I        .ill       ri.ttf    iiinforuiK     hUick    and    unsatia- 

laetory. 


Ilis  bath  was  not  thought  to  lie  of  sulficieiit  importanci'  to  warrant 
ng  a  series  of  eNpiriiiients  with  roilcfl  anodes. 


^4 


1.S 
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SOLUTION  III  B. 

Cobalt  sulpluitc  CoSOj 34-.S  j;rams. 

AmiiKinium  sulphate  (  NHi)-j  SOi 50-, ?       " 

Citric  acid 4-2       " 

S(Mliiiin  sulphite  Na-jSO:) 1-7       " 

Water lOOOc.  c. 

Total  bath ,?  litres. 

Data  of  Plating  Experiments,  Solution  III  B. 

f'<i!(  .■lni../fi. 

Ciirn-m 

Diilf        (li-iisitv  ill  KliTtri)-       i:irrfri)(ii'       Ciitliodi-       Duration 

of  rx-         amiMTcs  iiiolivi'         liisl.iiiri-         .in-:i  in               nl               (  li.ir.n  trr   of   pLiU-   iiii>l   rt'iiiarks. 

IKTimcnl.      i»iT  s'j.  force           i-i  riiis.         s,|.  rin-.         iil.itint;, 

'liTiiiiftrc.  in  vi.li*. 

July  Jil  o  .*ll  I  .(K(  l(i  (ifl  (  1        15       I'l.itt;  satiijfitLlury  alul  aillit-rtMit. 

Hrass 
July  Id  0  Mi  ^^(^^  15  _'7  ■  *  ..'         0      \'t*ry  smooth,  lian!  jilatp  w!iirli  InitTi-'l 

to  briiilit  silvtTv  wliitt'  finish. 

Sl.-rl 

Iiih-  >(i  0   HI  I   il  10  '»n  (I  !        1.5      s.itisla'tory  smooth,  adherent  i.iate. 

Hr.iss 
Jnl>-  i7  il  411  1   i)  10  U    5  2       M)      Sniootli.   unil'orin    plate.   shKlitly   il.irk 

ill  lulour  whirh  Iieek'd  atedys  after 
renioyal   troiii   bath. 
Urass 
(inip  Ul  0'5n  1   25  20  27  -^  1       .^0      Bright,   hard   j.late.  iiood  lolntir  after 

l>eiim  ]i<)lished.      No  -iiiitis  of  I'ittiiiii. 
Hias< 
Iiih-    ,t  ii  50  0  sr»  27-.i  1       SO      l-;\treintdy   briuht   5inooth    I'tate.   free 

from     all     H.ius    whieli     halted     to 
beautiful  surface. 
Umsm 
Am:.    ,*  0  MO  oori  10  MIA  2         o      .\  very  white  uniform  and  s.ttisfactory 

plate   e.xceiit    for    sliuht    scalinj;    on 
one  side. 
Hr.iys 
|ii!\-lt  o  so  1    *5  15  27   .<  1        *o      \er>-      snio..th.      even      ]>l,ite.      wl.i.  li 

bulteil   to  satisfactory  surlarc. 
Inh   1<  1(1  1   (iS  15  27    i  1        in       ri.ite  sial'-d   otl.     I'nsati-fai  ton  . 

"liijv     2  1   II  2  (17  2(1  27    i  .(         (1      (  lean,    liard    uniform    deposit,    uliuh 

t>utt"d  to  a  beautiful  surf.t-e. 
lir.iss 
lune  '<,  1    (0  1    v(,  111  .11    5  .(         (I      Sniootli.    iii'iform    lilate    but    ilark    in 

colour. 
June  20  17  2    1  10  21  1        .to      Plate  unsatisfnct.iry.     Siilit. 

A'..;;.-,;  .ini*i. 

l!ra^."         -  .     -     —  ^ 
in  2-5  15  <-  1  o      (1..1U    smooth     lil.ite.     hut     PI.k  W     in 

I  .il,p.Mnin.  .•- 

Ageing  Test,  Solution  III  B. 

( irainscobiilt  per     .\ci(iit\'  of 
lOOc.c.  sohnioit         >oluUoii 
Solution  at  enu  ol  .iboxi'  serii's  ot  (.xperiiiuiits. 
All^.    26,    1<M4.    iiftir   24   hours    platint;  iis 

shown Ill  \\r\     slii;lilly 

alkaliiH-. 

Same  after  M)  h(nirs  i)l;itiiij; 1  ■  1(1  Senile 

"     54       "  "       114         Wry  sliyluly 

iilkiiliiie. 

"      ()<)       "  "         1    10  Siime 

niluted  slijihtly  to  make  up  for  loss  of  water  b>- 

e\a])oratio!i Ill  " 

Siimc  after  84  hours  iiUitiiiK 112 

"  "      <)()       "  "       11.? 

"114       "  "        114 


The  l.i-i  <)(»  lioiir>  pl.iiiiiK  was  at  a  curri'iit  i  nsitv  of  1  (I  amptrc  per 
^qiLiic  (Icciiiu'lrc.  I'hf  cat IuhIc  area  was  ,U-(I  M|ti;irc  (■(■luinutrc^.  The 
loh.ili  CDMUiii  ,111(1  .ilkalinilx  i)f  this  solutiun  rtiii.iiiud  appioxim.UcK 
oiiislaiil. 


Current  Kfficiency  Test,  Solution  III  B. 

Run  I. 

(  uri-rnl  (Iciisiiv  1    (I  ami),  iHT  M|.  (l,c 

(  .illiodi'     lira-.-,     ,i-.ph.illiini   mi   li.iik-arca  -'5  s(|.  cms. 

'I'iiiic  ol  mil  ^0  „,i,,. 

.\\cra,L;c  curii'iu   lli'-i>i;i;li  l,,iili ()•  251)  amp. 

riuorclical  wtii;!  I  of  coliall  (liposilid  O-I.^S  i;iam>. 

Wiii^lil  ot  caihodc  hcforr  platini^ .  (t'l-'SSI 

"       afliT          "        (),^-<)l')_'      '• 


( 'oh.ilt  ilfpo^iiii' 


Ol.UO 


(  IRRIA  1    i;i  I  I(  II  MA 


(!■  1.1-1 


(I-  l.rS 


'J7S     ', 


Ri,)i  II. 

(■uiiviu  (l.iiHix     1  •()  amp.  per  M|.  (li( 

('atlioilc     l)ra'->   i)(.li>lu(l    ijoili   >i(lc^     ana  Mu  cms. 
''"""*■  "f  ''I'll  1  lir.  (I  mill. 

A\iTai;c  ciiirciit  thioiiiih  iiaii  ()-,^2,Samp. 

'riicorctical  \\cii;lil  of  cohah  deposited        O-.Ud    virams. 

WVii^hl  of  c.iilmdc  litforc  plaliii.ij 24(>S()7      " 

after  "         2.=;-(),i7()      " 


V  oi.ali  dcpo^iti  (1 


0 -.1,50.1 


(  rkRi;\  I  i:i  I  K  ii;.\iA- 


()-,^5(i 


()-,i61 


9,s  ■  (,     ' , 


l-or  comp.iri-.oii  willi  solulion-  III.\  and  IIIH,  .i  >(•'  of  i\pi  rimciil>.  on 
llic  concspoiidiiiL;  nickel  lialli  w.i-  m,idc,  which  iv  M.huioii   III    (". 


SOl.lTION   III   C 

.\ickcl  siiiphaH'  NiS(  ) 

.\m  moll  ill  111  siilphalc  :  .\  1 1  lU  S( ),.  .    .  . 

(  ilric  ,icid.  .  ,  . 

Walcr 

T'ial  h.itii  .■!  lino. 


.U-.5   yr.inis. 

4  •  _' 

1(1(10  c.c. 


Data  of  Plating  Experiments  Solution  ill  C. 


■  it      A 

prrinn'iit. 


(  iirrfiil 


l-lr,  in. 
.|i-l,i'i. 

Ill   <  III: 


Cllllclr  I'.linr"!! 

,1I1M   Ml  ol 

-.|.  .  111-.  lil.uiirJ. 


I  li.ii.i(  t.r    ..I    i.l.ih-    .ml 


I'll  I 
.Inly  1(1, 


Jul5    H 
Jiih    it 


II   'i 
(I  >'l 


n  >ii 
II  '111 


Jill' 

1  1 
1  1 

1    11 
1   11 

.l:lU 

U 

t   '1 

.Iiils 

J4 

1   II 

Juh 

Jl 

I    0 

JuK 

i.^ 

1    07 

J.llN 

,".>i 

1    J.^ 

Jill 

Juh 

."1 
-  1  1 

1    =;n 

1  J-i 
1   li 


Hr.i- 
I'l  i 
Ki.i-, 
I'l    I 


i:i,,-- 
i'l  i 
i;i,.- 

4'J     i 


l;r,i" 

',    < 
Hi.i" 


D.-p.i-il    ,  I'.-u  .mmK 


I         ill       I'i.ii-.  ui.i'.i'  .11'. 1   iiinliirni. 

!  (I  ri.tl'-  -.i!'-;.i.  t..t\'  ..\.<'i.t  f'.r  I. mini:. 
.111.1  ...i-ilv  |...li-li..l.  It  1-  .litti.  lilt 
lit  L.-l  .■  ''r.-..  1.1, It.'  I'. ..til  hv.lr.ni.'ti 
l-il-  Irmii  till-  L.ttli  .-v.  .-I. I  .It  v.Tv 
l..\\  .  iiiri-iit  ■l.'ii.iit;.  - 

I  ill  Hiilh.int  ^\liili.  i.l.iti-  .i<  tn'k.ii  fri'tn 
L.Uli.  will.  Ii  liiitl...!  -.iti-ti.  l..rilv 
I  111-  i.l.it.-  \Mi-.|.'.  l.l.'.IU  -..It'T  tll.lll 
..II..  ti...ii  (  ..  I..11I1  III  I-,  illi.l.r  liinii- 
ti.tlf,  will,  ll  w  1-  run  an.i  !iillli-'l 
-iiii.ilt.iiiii.n-lr  w  itii  It. 

1         111  Mm... 

1  (I      rill.-   I.rii:!.!    ni.-t.illi.-   l.i-'t.-   .1-   t.iiv.-ii 

11.. in  -iilnli.iti.  KiMililv  l.ii.:.-.|  t.i 
-.uti-t.i.  torv  niirr.il  -iirl.i.  !•.      W'liitir 

,iii.l  -iiftir  tliaii  I  ..  :  l.it.'  ■.■1.11:1.11 
III    run    -.ninlt.iii...i;-h. 


Hi, 

i          1 
i          1 

ill       ri.,t  •  l.r.Lht 
ii.       I'l.iti'    l.ri.''  t 
■■  i.iliim    .1 

..11   i.ilt.-.l 
l.lt     tiili 
l.,..iiltifii 

.,1     .. 
-ur 

Mr. 

1           1 

liniiiim. 

lit       --.ui-t.i'  t..r\ 
I'll-. 

l.lt.    .A.. • 

.!  ti.r 

I      til     I'l.ii..    .;...«...i    .i.irKii.--    ..11    .•■I'^cs. 

..ilhiirmli    U    Intltf'l    -.iti-l.i.  t..iih  . 
I  ill         I'i.ll.-     W'llt    ■     .!■     I.,ll^.\.-.l      it.ltll      ll.ttll 

lull  .liriii  nil  t..  I  .ili-'i  t..  -iiti-l...  l^.rv 
lliirri.t  -iirl.i.  .-.   -Iici.tl-     ;.itt...l. 

I         .11       ri.ili-  -,  ■il.-l  -Ir^htl.    It  ;..«.r  .-l-.- 

I      1;     1':  ,t,.   .lull    111   ...ii.tii  ..i..i  i.iiii.'.l    I.. 

-.ili^l  ..  l..i\-      liiii  1..1       -nll.i.  .■      uitli 
.Intl.  nil  ..  ■ 

11        11,1,       I'lil  ,.tl.|   l,.:lil-.l, 

I         ill       I'Kit..    l.tiuhl    with    i.'t-i  ,iih!    -.  .ilinu  at 


Jnly.U       '       0-.5I)  -'  ».^ 


JnU  ,il  llMl 


A",  .■,-,,/    III,.,.'- 
I'.i,i- 


lirass 
i'l    i 


h  \ii',  -  .;  i-!,i.  t(ir\  I  I, It.'  \iliit.'  ,.-  :.- 
iii..\...!  111. Ill  -..I'Uli.li.  nlfi  r.-,i'!i!i 
■:..I'-li...l   t..  iiiin..r  -iirl.i.  ♦■. 


Current  Efficiency  Test,  Solution  111  (.. 

Rill!     I. 

Ciirroiu  (K'lisiiy  .ipproN 1    (I  .mip.  ])tr -ii,  dec. 

C'.uIkkU'     brass  i)(ili>lu'(l  uii  liulli  -iilr-     an-,i   ,.  -'-t   2  m|.  ciii-. 

'rime  of  run 1  I"'-  "  "'in- 

,\v(.Tat;c  currcnl  llin>iii;li  liiuli 0-242  amp, 

Tln'orclical  \vi'ii;lit  ul  culiall  drpiMtc-d ()-2W)  grains. 

\\'<■i^lll  of  r.itliodf  li.foic  pl.itin:;  21  •  l.'^Of)      " 

afiiT  "      21-427'J     •• 


("oImIi  ilcposiicil l)-217,^ 

(1-217 
CrKKlAr   i:FFI(  IKNCV  =     ')2-S'; 

()-2()() 


28 

Run   J  I. 

('iirmit  density  ai)pr<).\ 1  ■(»  anip.  per  m|.  dfc. 

Calhixli'     brass     ariM 4()()  s<|.  cms. 

Tiiiic  of  run 1  l,r.  o  min. 

Av«'raj;i'  curri'iit  tliroiiKli  l)ath ()-4(»(l  amp. 

Tlicori'lical  wcinlit  of  cobalt  dtposilid ()-44()  j;ranis. 

WViKlu   of  catliodi"  lu'fori'  i)IatinK .US '41      " 

after  "  U-74()4     " 

('ol)alt  dc|)o>iicd ()-4()f),<     " 

()-4(K) 
C  IKKKNT  KIIK  li;.\(  V  =     <J2-2'; 

()-44() 

SOLUTION  III  D. 

Cob.dt  siilphaii-     C'oSO, J5~  j;rams. 

Annnonium  sulpliaie U  -.S       " 

("itric  acid 4.5       " 

\\'alcr lOOO  c.c. 

Tliisbatli  ri'scinblcs  solution  III  A,  imt  is  considiTab!\-  los  concentrated 
in  col)att  siilpliati'  and  annnonimn  siilpliale. 

'riiere  were  no  reagents  added  to  this  solnlion  after  it  was  made  up  for 
neinralizin^  or  any  other  piirp<)se. 

Data  of  Platinfi  Experiments,  Solution  HI  D 


(  ,:-l    111.../.- 


of  i^X- 

Iifrinu'iit, 

*  iirrcnt 
'Irnsity  ill 

ain|><'r»-.j 
,  I",'-  "I- 

Kli-.lro- 

ln<)ti\L- 

lone 

in  yiilts. 

i;i 
ill 

rtr.i.l.- 

illlS. 

Citluiil.' 
art  .1  in 
sq.  tins. 

Diiratidi 

of 
lilaunK. 

I'll  1 
July  11 

0    <0 

1  (Id 

1.^ 

Brass 
17 

J         0 

.Inly    : 

n  50 

1    M< 

l.i 

.17 

3         (1 

jMly    7 
July    - 

0  ^11 
II  ;ii 

1    i.l 
1    Ml 

15 
IS 

,i7 
.57 

.<         (1 
.!         (1 

July  11 

(1   'Ml 

1    su 

15 

.17 

.(         (1 

July  11 

CI   ')(! 

1   'III 

15 

J  7 

.1         II 

July  17 
July    7 

1   II 
1   II 

July    7 

1   II 

July  l.f 

1   II 

15 

15 

llra« 
.17                1 
.17                 .i 

15 

.17                 A 

15 

.17                 ,1 

Cluiriutcr   of  ]iIaU'   ,nul   iciiuirk 


Mliuk  ;is  rciiiovcij  from  .solution,  hut 
buffed  sitisfiuiorily.  t.-xtt}iL  lur 
siKuIl  ijin  luil»-s. 

I'liilc  'lark  as  n'in(t\f(!  from  suliitioii, 
hut  bufftvi  satislatturily. 
Sai!i>- 
(»      Plate   hriiiht    a>i   niiiovi-ti    from    halh. 
but  shjilitly  nniKii. 

11  -te  (lull  ami  pitted,  (.urreiit  dens- 
ity t"0  ynat. 

Depo-it  dull  and  pitted.  Ciineiit  lU-n 
sily  toil  ynal,  In  polisliMiii  ihi-; 
plate  the  extreme  hardness  ol  lii,- 
<"o  deposit  asioinpared  wiili  Nj  was 
partirulariy  nntieeahle.  Tin-  same 
nsuU  was  mnieed  to  marked  eMenl 
tlirouwhoiit  these  [ilatinji  exi-eri- 
ments. 

n        \  elean  smooth  pi  He  hut  dark. 

(i  (uircnt  di-nsity  sei-med  too  hi^ih  as 
plate  was  ver\'  dull. 

0  PLile  dull  and  pitn-ii.  Current  .leii- 
sity  too  i;real. 

0  Deposit  <luli  antl  pitted.  Current 
ili-usity  t(M>  Kreat.  In  polishinti  this 
plate  the  extreiiie  hanlness  of  the 
Co  depo-it  a-*  eonuuired  with  Ni 
was  partii -ilarly  notiei-ahie.  The 
same  ri-sull  was  noticed  to  markefj 
extent     ihroui-hout     these     plaliriK 

e\l'erime[\ts. 


I  his  hath  has  hctMi  um'*!  |nr  j>!ati(v<  apprn\iin;!trK  V^  huurs.  altiT 
which  U  hfcoincs  somewhat  iilkaUnc.  In  comparison,  sohilion  III  ('. 
which    is   the   corrcspoudinji   nickel   l)alli,   was   tested,   alter   running   with 


2'> 


tin-  saiiU'  ctirrfiil  for  an  idcnliia'.  tinu'.  !t  was  found  t()  Ih'  praiticalU 
in  llu'  sainr  condition  .is  rt'^ards  alkalinity  as  at  tlu'  start.  Cist  aniKJcs 
wtTi'  iisfd  in  iiotli  of  tiifsf  liatiis  throughout  these  runs,  wliirh  were  made 
I)artiy  for  the  |)ur|)ose  of  lestini;  tile  rilali\i'  sohiiiililv'  of  tiie  anodes.  This 
result  eontirined  a  conclusion  to  he  K^'H^-TiiHy  drawn  from  all  our  I'Xperi- 
ments,  that  in  hatlis  of  this  tvpe  the  cast  colialt  aiXHles  .ire  more  soluble 
than  the  cast  nickel  anodes. 

.SOLUTION  III  K. 

("ohalt  sulphate  CoSO, 7!^. -5  ^rams. 

.\mmonium  sulphate     iNH|);S(), 129-7       " 

Citric  acifl l.?-7       " 

Water KMHI  i  .c. 

This  hath  is  more  than  iwici'  as  satiirati.i  in  c()i)ah  sulphate  as  III  A, 
and  more  than  three  times  as  saturated  in  cobalt  sulphate  as  III  D. 

Data  of  Plating  Experiments,  Solution  III  E. 


IH-rinicnt. 


1<M  I 

July  Jl. 


J'lly 


July  -'K 


Ciirn-tu 

'i(Mi.*u\-  in  i\!c(tro.  ;   Ivlcctrndc       ('.itliotlr 

aiiiprrf*  niotiye         ilistuntx*         area  in 

I«T  -^q.  forn-            it)  tms.         sq.  cms. 

'Ircimrtre.  in  viilln.  ', 

\  Brass 

{)   Ml  (I  76                 10                 .n  .i 

II   50  10  .(Mo 


Steel 
JO 


.1x1 

vJi 

0    70 

O'X) 

10 

Hrass 

.1')   f 

.IhI 

V  2i 

OWI 

0   Si 

111 

Ht.is, 
V)    .1 

Jill 

Jn' 

y  _'i 
y  -'t 

0   HI) 
1)   Mil 

0   97 
11) 

10 

HI 

.1')  ,i 

Hras~ 
II.  (, 

July 

J4 

1    0 

1    0^ 

111 

.-  .i 

J"h 

1  t 

1    II 

1   05 

10 

V.  •  .•> 

Jnh 

25 

1   .17 

11') 

10 

VI   ,1 
Mra5> 

Jiih 

'  _'.^ 

1    J> 

1    U 

111 

I'lS 

Jul 

■  2') 

15 

1    15 

Itl 

.'7  ,i 

Uitr.itioM 

ol"  i  har^ii  tiT  of  pl.itc  anrl   riMii.irks 

platitii:. 


Jitly.U 


W'ry  briulit  uniform  iilaU-. 

i'l.it'-  l>rii.lii  .i;i;t  -^atisfat  tnry.  (nn- 
sili'l  ililv  li.ir'U-r  l!i:iii  \i  pl.-.tf  run 
;it  '.inif  tinif.  ..•.■  Ill  C,  Julv  22. 
USn  .mill. 

I'l.itc  iliirk  liny  with  iiict.illic  hiatre 
LIS  rciiiovfti  trtmi  f>uliitifiii.  Ki-- 
Muiri-tl  \rT\  lit  til-  hiiMint;  to  pro- 
<lut  I-  niirior  M:fi.u  <-.  IM.iir  ^.^is- 
taclor\   in  all  roptit?*. 

I'l.itf  liritilit  iMil  s.lti^I.l(  ti.r\ .  (  nri- 
<'<I-Ta!>ly  hai  Ut  liutn  Ni  pl-iti-  run 
at     ■aiiic   lini'-     :-(-<_'    III    (     Julv    22. 

0  .11  aiiiji. 

\  i'r\  -tii(H)tli  thouuli  ^■olllt■^\llat  it.irk 
I'lal"'  .IS  rfiuovfil  troiii  !»  "Ii.  I'uli- 
-linl  t"  ItiilMiuit  mirror  >iirl.irf. 

SaiTir.  •;.■.■   Ill  C.  July  i.i.  USn  auips. 

\  -.itisfatKtry  plat*-,  rradily  butfed 
to  mirror  ^iirfaf*'.  Not  ,i^  white 
whin  n-niovf*!  from  li;ith  ;i>  Ni 
Iilalr  nin  situiiltaiH'Oii<I\  .  -*'<■  III  C, 
July  .M,  iron  aiuixr.^  (  o  plate 
niiK  h  harik-r  tliaii  torrt>p(HMliiii; 
Nt  i.hur. 

\  rr\    'Miooih   thoui;li    sonuwhat   dark 

1  l.iti-  as  ri-movcd  from   hath.     IV)!- 
i^hcd  to  hrilh.iiit   mirror  -^nrfiuf. 

I'iati-  <'al''d  otT  whni  put  in  boiling 
u.iti  r  .ifttT  rcmuvrd  from  tiath. 

I 'Kit  I-  iL.^k  tlioui;ti  histrou-  with  no 
<ii;Ti  nt  stMliiiL;  a-;  n-tuovfd  from 
iKith.  Tins  plat.-  wa-i  darkrr  than 
rorrc:':ion<lint;  Ni  plati*  as  ftnovrd 
froni  til.'  batli.  Si-  III  C.  Julv  24. 
I  (»  amp.,  althi.Myh  th.-  Nt  pl.ue 
n-rjiiiri'd  more  pdlishiuj;  t<»  produce 
a  mirror  -url.m'. 

I'latr  r.tlliiT  tiark  au-l  ^hou.-d  si^;ns  of 
liiiruinL;. 

I'latr  dark  i^rry.  but  rs-tiuiifd  \  cry 
little  bnlVniL:  to  produrf  mirror  .-^tir- 
la'i'. 

I'lalc  siimL'wh.it  dark  a^.  tak.-u  fmm 
^oiution.  but  ir.idily  bulled  to  pcr- 
fiTt  uiirror  surfaif.  (\i  plate  loii- 
sidt-rablv  harder  than  irorrt-^tioiidinK 

\i    l-l.di-    uliiU    bt.Ili    \\il>-    ^I.t.ilid. 

This  bi'th  b-iomii:i:  alkaliu.-.  wliich 
wa^  neutr,di.!ed  In  .■iinall  adibtion 
of  liuif  and. 


Mi 


Aftuinft  Test,  Solution  III   R. 


(  ii.ini^  riili.ih  |ii  r       Ac  iilil  \  cil 
|tl()( c.  -uliiliuii.        -oliition. 


Si)!iilic>ii  ,11  ciiil  i>f  ,iIm>\c  -.(  lie-.  Ill  (A- 
piiiiiuiil-i,  Aiii;.  111.  1'>1  t.  .liter 
id  hiiiii>  plaliiii;  as  >liiiv,  M 

S.mu-  .illrr  H  liiiiir^  pl.iiiiii; 
5(» 
71 

\llir  S(i  liniir^  pl.iliii):  a  -.liLilil  .immiiil 
(i|  w.ilcr  added  In  m.ike  il|i  liir  Ins- 
dm   111  e\  ajMiraliciii 

Same  .ilier  Itll  lumr^  plaiinv; 


1 


Neiiiral. 


1    SI        \er\  -.jiyluiv   alkaline 
l't5       SliKJilix  alkaline. 
M.'        Neulial. 


I  ■'>:•<        Slii;llll\   alkaline. 
)  ■'>'>        Mii^lu     iiK  rea-e    in    alka- 
linii\ . 

110  "  211        I  miller    inerea^i     in    al- 

kaliiiilx  . 

I.'il  "  2' 17       Still    furllur    iiu  rea--e    in 

alkalinilx . 
rile  la--t  4,^  lii)in>  (>t  plaiini;  was  at  a  <nrreni  den^iix   nl  ,<n  ampere-, 
per  M|uare  dtciirelre.       The  4.s  lidiir-.  preeediny  this  w.is  al  ,i  i  iirrent  den-il\ 
III  4  ■  7.T  amperes  per  --( I  n.  I  re  decimetre. 

This  siilutiun  i^  i;radlially  lieeDiiiini;  mure  .dk.iliile  and  il^  eulialt 
iiiiilenl  is  itureasiiii;.  In  its  present  -^Lile.  lliir.  -uliilinn  i^  nl)\iinisl\' 
(•li,iiii;in,u  liKi  r.ipidU  t<>  lie  sat isl.ictorv  ,  lull  with  an  increased  mimlier  nl 
riillid  .incMit-,  re])lacin;^  ca--l  nne-,,  ii   niii;ln  lie  iimmI. 


Current  Efficiency  Test,  Solution  III  E 

Rini    I. 
(  lureiii  <lin--il\   .ippri>\ 
('.illiiHk'     lirass  pdli^luil  Imtli  sides     area 
Tini.e  lit'  run 

.\\era.u>'  ciirreiil  ihruimli  lialli  

I'luurelical  \\eit;llt  nl  culi.ill  ilep<isited 

\\'eii;lit  (if  cathode  liet'ore  platiiiiL;. 
al'nr 


(l-MI  amp.  jier  >i\.  dec 
4()(l  s.|.  cm-. 
4.S  mill. 

(I-,^21  amp. 

(I-  2(i,S  i^nmis. 
.vs-SSK)     " 
.^(iM.Vs     " 


t  (iliall  dei)i»ite(' 


II -id 


(  I  Kkl.\  I    111  l(  II  \(  N 


il-2<>.s 


Run    II. 
( 'urrt-ni  deii-ily  appni\ 
("atllodc      lira-s  |)(ilished  licilii  sides     are.i 

Time  of  run 

.\\"iT.ii;e  ciirreni  llinniuli  li.ilh 

Theoretic, il  \\ei.i;ht  ol  colialt  depo-ited 
Wiiuhl  ol  c.ilhode  lielore  pkitiiii; 

alter  "       


(  (iliall  de|ii)siled. 


ci  KKiAT  i;rii(!!:.\(V 


i»-,^51 


O-.v^.S 


()-."ll<) 


OSU  am|).  |>er  sip  Aw 
4n()  si|.  cm-. 

1  hr.  11  mill. 

i)M\  amp. 

0-,-i.S.^   nraii;-. 
,U)14,vs      •' 
.^(.•4<)4'>     " 

0  S=il4 

. .     ',<;  ■  4     '  , 


Com  1 1  »i(isx. 

(li  ('oli.ili  pl.iic-i  Irnm  tlii'M'  ciili.ili -.immiiiiiiim  •.iilplMic  T.i>liiiicin» 
with  ;m  cm  (■•^-.  of  .iiiinumiiini  Niilpli.iif.  .iiul  in  ilic  pir^iin  f  nl  liiric  .k  id, 
on  lir.i^s  and  iron,  art-  lirtn  adlicnnl.  hard  and  iinilorni  and  ina\  n  adilv 
III'  linll.d  lo  a  sati^laciory  Imi^li.  witiiin  ilic  lurn  ni  din^iiv  ranuc  nroni- 
intndtil.  riity  take  a  virv  lli^:ll  poli«|i.  willi  a  htanlitiil  lu^in,  \\lii(h, 
alllioiiiiii  l>rilli.inll\  wliilf.  |>o^-(-'-t>  a  -liylills  l)hii>ii  (  a-l . 

ii  Solnlioii>  III  A,  Ml  M.  and  III  I )  do  nol  lend  iIuiiim  Kt  ~  lot\- 
ircnicK  la-.t  plalini;.  Iini  >,il  i-lac  lor\  plait-  ni.i\  lie  oliiaim  d  Ironi  Hum  al 
cnrrtiil  dcn-ilit-  up  lo  (ISO.  1(1  ,inil  (I  sn  ampi  rt  -  pi  r  -ipiart  (Ucimilrt- 
n--pi(li\tl\ . 

'.>•  SohlliiiM  III  M  Miainlaill(<l  il-cll  -Mi'-laiilialU  iim-lanl  a- it  i;ard-. 
loliall  (■oiiiciil  anil  alk.ilinil\  diirin:^  lU  hour-  ol  plaliiiu  Ihi  <  iirnnt 
(•nil  iini\  III  -ohiiion  III  M  i- -ali-lai  loriK   liiL;h. 

i4i  Sohiliiiii  III  I.,  whii'h  i-  M'r\  nun  It  inon-  i  mu  nil  ralid  in  roliall 
than  llii  oihir  -nlnlioii-  ol'  ihi-  -i-rii-,  yirld-  -ali-larlors  plali-  al  all 
iiMTcnl  dtii-ilir-  lip  lo  1  -5  ain))(rt>  pir  M|ilart   di  cinulrf. 

i5i  Soliilioii  III  i;.  when  il-id  wilh  ca-l  aniKl'-.  yradiialK  luiinnc- 
iiiorr  ronccniratiii  in  mclailii-  coliall  ronlciil,  and  in;  rr  i-in.;l\  alkaliiu'. 
lor  ihi-  na-oii  ihi-  -ohilion  r.m  onl\  In-  ii-.(il  with  ran',  and  i-  jirolialiK 
nol  -ali-laiiorv   for  :^(iural  romnicnial  plalins;  piirpo-i -. 

(ii  Tlif  iiirniil  I  fill  un('\  ofMihilion  III  I-.  i- cMraordiiiariK  hii;h  a> 
loniparel  wilh  llial  of  ll.e  ii-iial  i  oMinuri  ial  nickel  jilaliiiL;  -olnlioiis. 

7'  TIk-  cnrriiii  fHicitiu  ii-^  of  all  thr  -oliiiion-  of  s,ri,>  S  an-  hiuh. 
.\\n]  Ufll  ii\«T  ')tl  I'lT  (11"  .'I  ihr  ri(  oniiiundrd  i  irii-'  I  dci'-il  ir-. 

S'  A  iiiiinliiT  of  cNjirrinirii!-  with  -olulion  III  ('  and  -oliiiion 
III  I.  wire  run  -imiillanioiidv  ,  wilh  llu-  --ainf  i  urrcni  din-il\.  rlirirodr 
ili-laiiri-  and  iKciioili-  area.  Tlii-  ilfcl  roiiiol  i\r  Ion  r  airo—  llu-  nirk.i 
lialh  wa-  from  two  lo  iwo  and  a  half  lime-  .i-  i;ri-al  a--  ihal  arm—  ilic 
roliall  lialh.  Tin-,  i-  i\  idincc.  a-,  iiolt-d  ihrouuhoni  llu-r  i  \ptriiurnl-. 
of  I  he  '.^i  Mlrr  ronduil  i\  il\  ol  the  coliall  -oliilion-. 

i'):  SolnlioM  III  (■  i>  \tr\  coiucniraud  in  nirkil  -all,  and  i>  more 
sali-fa('lor\  llian  ihe  lorre-pondiii!;  loliall  -olulion  ol  ihe  -ame  conivnlr.i- 
lioii.  However,  ihe  corresiioni lint;  loliall  -olulion  i>  imi  nt.irK  -.ilur.iled. 
The  ronip.iriMin  wilh  an  eiiu.ilK  -atuialid  -iniilar  coliall  -olulion  III  I.. 
i-  in  faxiiur  of  ihecoli.ill  -olulion.  for  it  will  oper.ile  ,il  hii;her  current  den-iue> 
ihaii  III  (',  and  \ield-  .i  pi. He  which  i-  ju-l  a-  -,il  i-f,ic|iir\  in  appe.ir.ince 
.mil    h.irder. 

Kli  'I'he-e  -olulion- olierated  , dike  (ikiliii!.;  on  iron,  -lei  I  and  lir.i--. 
for  whii'h  nieial-  miK    ihe  alio\e  conclu-ion-  appK  . 

ill  Coli.dl  .mode-  ,ire  more  re.idiK  -olulile  ih.iii  nickel  .mode-  in 
the  Millllion-  of  >erie-  ,\  and  con-i  i|ueiill\  .i  l,ir;.;er  piopinlion  ol  rolled 
coli.ilt  anode-  ii!.i\  lie  ii-eil  th.in  i-  the  ca-e  wilh  nickel. 

SlKII>     4:       CullMI      A\t\lll\ll   M      SlII'IIAlI.      A\li      AmMiiMI   M      Cm  iiNllil 

Sdl  1    HON-. 


The  I'.illi-  of  Serie-  4  were  prep.ireil  i:i  .1  iii.mi.er  -imil.ir  in  ih.u  ile- 
scril led  u'lder  Serie-.  1 . 

Il  i-  slated  in  ihe  lileralure'  ih.il  li.ilhs  conlainint;  chloride-  or 
niirale- ..ire  no!  -nilalile  for  nickellini;  over  iron  TIua  are.  howe\er.  well 
.id.ipteil  to  the  rapid  lijilil    iiickellini;  of  chea|)  hras-  article-.     Solulion  l\ 

■  .1.1  l..ii',i;l«-iii  llciliu-.:.-i,...;iii.iTi  III  M.-mN,  \I  IMili.  ii,  K.-..-.!,  ;..    ■<\ 


.12 


iv.hi>:nI;i:lU'ki;;.r''  *' '""  ^"""•"""'^  "^"'  '••  "'•  '^•"'"«  '-<""•  f<-  w..rk 


SOLUTION  l\    A. 

(■|>l>.ilt  sulphate  CuSO, 
Ammoiiiuip  siilphaic  (Ml,),  SO, 
Aiiininnium  ihl.iridr  NH,  (1 
Water 

Toi.il  hath 


=  6  0='  H... 


i  <  •  .^  yraiiis 

.<((■(» 
1000  c,  . 
-'5  hires. 


No  r.ayents  were  a.l.h.l  l„  (his  M.lutinri  after  il  was  nia.h.  un  eiih.T  t,. 
<hann..  II,  relation  „r  for  ..(her  purposes.  "I)  « Ulu  r  to 

Data  of  Platinit  Experiments,  Solution  IV  A. 


I    <  urrrm 
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I  Soliiiiuii  1\  .\  yiilils  >ati-il.i(lory  (llll.lll  pl.it(>  mi  lir.i .-.  .iii.l  imn 
.11  .ill  inrmii  ili-ii>iiii>  np  in  .ilioiii  1  •  5  ;iiiipiri-  pir  Mpi.in-  (liciiiiiirc. 

ii     'I'hc  pi. lie-,  (if  ^iilntidii  l\'  .\  liiilTcd  In  .i  lirilli.iiii  Miil.iri-.  -imil.ir 

In  lli.il  i|ixirili(  il  Ullilcr  cnlK  lllsinll  .^  hcliiw. 

^  ^nliiiinii  l\'  M  u.uc  >ati>l.iiinrv  pl.it(>>  .11  ,ill  ( iirrcnl  iKii^iiio 
np  In  1  .15  amp'Tcs  per  <i|ii.irc  (Iccimcirc  on  lir.i»  .m.l  imii  which  arc  tirm, 
.nlliiriiit,  li.inl  .iiul  iinitnrm.  and  which  iii.iv  rc.nliK  lie  linlTcd  to  .i  s.uis- 
lacinriK-  rmi>hcd  Mirt'.icc.  iIk\  lakc.i  \(r\  hiuh  poli-''  with  .i  tic.iiiiil'iil  lustre, 
which,  althniitih  hrilliantK'  while,  pns-.e^-.e^  .;  -ii^ditlv   hliii^h    i.i^t. 

l4l  Snlntinn  W  A  and  l\'  M  .ire  moder.iteK  r.ipid  pl.itin^;  liillw, 
lint  not,  hnwexcr,  iicirK  ,i>  r,i|ii(l  .i>     Mihitimi  I  R.  .iiid  Milntinii  Xill  \i. 

(5!  Snlntinn  l\'  H  i^  cnii-,ider.il)l\  more  r.ipid  th.in  the  cnrropnndiiin 
nickel  li.ilh,  the  hilter  wnrkiiii;  lie>t  .it  a  cnrn  nt  deiHitv  n('  .iliniit  0-55 
amperes  per  s(|ii.ire  decinielre.' 

'■()>  Theso  sohitiniis  operated  .dike,  iilatini,;  nil  irmi.  >ieel  .md  lir.iss, 
for  which  nietals  onK-  the  almvc  coin  lu--inii-.  apjiK  . 

i7i  The  coh.ilt  cniiteiu  and  the  netllr.ilit>'  nf  snlntinn  I\  M  do  not 
ch.m^je  appreciably  wilii  prolonged  ns.ij;e. 

(8i  'riie  current  el'ticiency  of  soliiiion  I\'  li  is  satisfactnriK-  hii;!!, 
the  a\eraj,'c  Nalne  of  thvic  nie.isiiremeiit>,  .ij;reein);  well  .imonj;  themseKes, 
heiiiji  '*2  -6  |)er  cent . 

(<>i  Solution  I\'  li,  wiih  lioric  acid,  yields  somewhat  whiter  pi. lies 
th.ui  sohilinii  !\'  A,  liul  soliitioii  W  .\  may  iic  operated  at  .i  sonuwhat 
higher  current  deiisitv  . 
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In.iii  the  M.lmi.iii.  """"rni.  and  ,il  a  |.ul,.|„.,|  apiKMrancr  as  n-niuvfil 

SKK.K.  .:    CoUM  ,   .\MM.,M,  M  SlIPHMi.  w.,,,  l!o.„    .Mm  S.,m„.,vs 

"i.i<.vt;hs.M,\:::'''i:!;:r::;;'",r  :'''''•;''•'  ••;■"— n-i.-,!  i,v  w..s„.„ ... 

""■nial  pla.iii,  fur      .:  r   "  ,  /    nr      "  '  ii-t''!"'' ,  '""^■''''*^'    '•^^'«''   '"   '""'- 

\-i.v'''A;;::,\.ii;,;i.;r^T-'^';'^''';''''T-i; '.-.iu...,,,,,,,,.,,.,,!.,,, 

r:;:;i,::r^y-:'''- ''-'■-•-- 

Fn   a.l.lil,,,,,   a    much    niu,v   r.,,,.  .niralnl 
\  II'  ua>  iirrpaicil  .mil  Miiili.ij, 

SOI.l HON   \  I   A. 

<  "liali  MiiphaU-     CiiSO,  . 

•  Xiiimiiniiim  siilplialf     i\||,).,S(), 

Miirif  arid 

W  aur 


-■I'lniiuii   of   till 


saiiir   M-rif 


14-,S  i^raiii' 
I  2  •  (1        " 
1  S  ■  8 
*(!()()  c.i  . 


Tiiial  lialh       .  rV'-'- 
-'-.I  lures. 


.^7 

No  additions  wero  made  to  this  solution  after  it  was  niadt'  uj).  to  change 
its  reaction. 

Data  of  Plating  Experiments,  Solution  VI  A. 


IXitr 

of  cx- 


Curn-nt 
(It'iixity  in 

per  s(i, 
tU'tinnnrr. 


Kl.Ttro- 

inotivf 

fi.r.-.- 

iti  vi)ll>«. 


11114 
June  I,< 

0  m 

0<»» 

June  15 

0  60 

1    TO 

Jim..  27 

0   (,.i 

1    2i 

Jniii-  .10 

O'M) 

,1    ' 

June  Mt 

1() 

.i   _'7 

J  urn-  ]S 

1    () 

_.?  (1 

July  1(1 

o,s 

JO 

July  1(1 

OK 

2  .? 

July  15 


KU-.lrn,!. 
(ii3t;intf 
in  cms. 


Ill 
10 
10 
20 


Cathu'li-       Dunitioii 


15 
It 


aitM  in 
s<t.  cms. 


Urasi 

27   .< 


27    I 


ot 


platinK. 


Cliariutcr  of  plali-   ami    n-lnarks. 


llra> 


Hrass 
27    i 


Uras.j 
27 -.i 


2  2(1  Dt'iioi^it  Iu«trfiii<  but  'iark  aii'l  nt>l 
yyry  slnornh. 

2  20  IMato  hi^trnii.;,  but  spotted;  hydru^ii-n 
v:a-*  eiyiii  <>!t  fn-i-ly. 

2  .10  Plate  sinootli  an'l  fairly  lu!<trous, 
but  <!ark.     Split  (in  i'iIkl's. 

2  o  I'lati-  unsatisfaitcirv.  |iitt.-il  and  burn- 
ed. 

2  o  Tbi<  plate  badly  burneil  and  un- 
siti>faetiirv.  I  urrent  density  tcMi 
treat. 

1         .to        Plate  badh    blTie.:  at  tbe  edi;e-. 


2  5 


lirass 
24  (P 

l<„lle,l  .U..r(,v. 

Urass 

,t7-.t  1        M)     :Hri«lit.  siiuiotli  and  uniliirni  plate. 

Hrass 

.t7  ,t  2         0     I'nsatisfactnry     pl.ite.     burned     aliiny 

edyes  and  peeled. 
Ilrass 
27- 1  1  0      Same  as  abu\e. 


SOI.ITION  \l  B. 

Nickrl  siilpliati'    NiSOj US  grains. 

Amnioiiiiini  siilphiiti-    (NH|)iS()i \lh 

lioric  afi(l 1 8  •  S 

Water l(t()(t  c.r. 

Total  l)ath -'-.^  litios 

\()  ri';i,ni'nt  wiis  addwl  to  this  solution  aftiT  it  wiis  iiuidc  up,  to  i-hange 
its  reaction. 

Data  of  Plating  Experiments,  Solution  VI  B. 


Date- 

I. f  ex- 
periment 


Cail  A  ttotlts. 

i    Current 

I  drn.-ity  in       Mle,  trn-        l-.lei  tnidi'       t  athcde       Duration 


amperes  iiuitiye 

per  sip  foree 

deeimetre.      in  yolts 


distaiue 
ill  nil? 


.irea  111  ol  (  liar.i'ter  of   pl.i'e   .nid   remarks 

q.  iiiis.         pl.itinu. 


July  15 


I   5.5 


July  IS 

(1   .51) 

July  29 

0  «) 

July  2'J 

n  xo 

Julv  2') 

10 

lirass 

10 

2  7   .( 

Hrass 

III 

,('1  .< 

Ura.=s 

10 

.t'l  .t 

Hr.iss 

III 

.('<    i 

2  O       ,\    vcrv    whU'    <\'ii    (Ici.iiiiit.   s<»  nUi-isv 

when    rniiuvrti    Ikimi    s(iliiti(»ii    thitt 
it  rt'(iiiirril  nliiHi>t   no  liultiiii;. 

2         n      \'.rv  l)rii:ht  cvni  nhiif,  with  mt  tr.ue 

ut  hurniiij:, 

!  Mi  IMiiti"  brinhi  in  murf  l)ui  sinus  nl' 
ImrniTin  at  r«|L;rv. 

1  ,^ii  IM.Uf  bright  In  n-ntn-  but  btiriud  at 
ofli;rs  ami  loriHT-i. 

1  .^0  Platr  v-Tv  ilark  ami  Kraitiv.  sliuwmw 
iiiaik.-.I  butiun^:  .  v,l  .utiU  .^iiflaCC 
but  fSiHTially  at  i'<in)<. 
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Current  Efficiency  Test,  Solution  VI  B. 

Run   I. 

(^urrtiit  (Iriisiiy  approx o-.SO  amp,  per  s(|. 

Cathode     brass  polislu'd  ixiili  sidi^s     aiv.i 4()-()  s(|.  cnis. 

Tinu'  of  rim 45  min. 

Avcra.m'  ciirroni  iliroUKli  liaili (t-iOd  amp. 

Tlicorciiial  \vt'ij;lii  of  nii  kcl  dipositid (I-  ]()ri  j;rams. 

\\'iii;lil  of  latlKHlc  hfforc  plating ¥)■]'"   " 

Wii.ylii  of  cailiodc  aftiT  plating .?yS174  " 

Nickel  deposited ()-1.V)7 

()14() 

(  I  RRIINT  KFKICIKNCV  =      H4X', 

Rill,   II. 

(^tirreiit  density  ai)pro\ ().5()  amp.  per  sc]. 

Cathode     i>rass  polished  both  sides     area 4()-()  sq.  ems. 

Time  of  nm 1  |,r.  I)  miii. 

Average  eiirrent  through  i)atli ()-2()1  amp. 

Theoretical  weight  of  nickel  deposited ()-221      jiraiiis. 

W'eiiiht  of  cathode  before  platiiii: ,?<>-.?174 

\\"eii;lit  of  catiiode  after  platiiiJL; <<>-,S.S()7  " 

.Nickel  deposited ()-21,^.^ 

()-21,^ 

(  IRRI-NT  KKKICIKNCV  =     %-4', 

()-221 

Run   111. 

('urreiit  density  approx 0.50  anip.  per  s(|. 

Cathode     brass  polished  b()th  sides  -area O.^.S  s(|.  cms. 

Time  of  run 1  l,r.  ?,  min. 

Averasie  current  throiis;h  bath (t-.U)5  amp. 

Theori'tical  weiyhi  of  nickel  deposited ()-42ll  ^Tants. 

W'eiulu  of  caliiode  before  plalinii .S2-cS()54     " 

Weight  of  cathode  after  plating .'^.V 2,^56     " 

Nickel  deposited ()-,^7()2     " 

()-,';7(t 

crRRi;Nr  i.ificii;ncv  =    s7s', 

()-420 

Run   IV. 

Currenl  density  approx ().,S()  amp.  per  s(|. 

Cat  iuKJe     brass  polished  both  sides-area O.H-o  ;,|.  ,nis. 

Time  of  run 1  hr.  ?,  min. 

Average  currenl  through  bath (I-,U4  amp. 

Theoretical  weight  of  nickel  deposited I)S7S    grams. 

Weight  of  cathode  before  platiiK' ()(!•, ^160        " 

Wi'ight  of  cathode  after  iilating f)()-,Sf)7,S       " 

Nickel  deposited ()-3512       " 

OS.Sl 

CCRRKNT  KFKICIIINCV  =     930', 


i\w. 


dec. 


.w 


SOMTION  VI  C. 

C()l)all  siilpliaU'  ("oSO, <Sf)  i^nmis. 

AniiiKniiiim  Milpliatc  (NMiijSO, ^2') 

Borir  acid ^!^  ■  X 

Wal.T 10(10  <•,.■. 

Total  liath 2-^  litres. 

No  addition  of  rcaKi'ius  was  made  siihswiiiiiil  to  tlio  makini;  of  the 
original  solution,  titluT  ti>  chan^f  its  reaction  or  for  otlirr  purjiDsi'. 

Data  of  Plating  Experiments,  Solution  VI  C. 


("iirrt-nt 
Date        (Iwisily  in       ICInrlro-       Kli'.trodi-       C.itli.Kli-       Dur.ituii 


ol  i'X-         aiiMHTt--*  imjtivc 

pt'rinifiit.       PIT  s-i.  furtc 

ik'Liiui-ln'.      ill  vuUs. 


listLiim-         :ir.a  ill  "1  I  l,,.r.i.  t.r   of   plat.'   and   niiiark^, 

ill  vlll-.  ^^l■  '  "i!*-  platmi:. 


I'M4 

IhIv  20  (I ^11 


July  J.t 


Aim.    4 


Hrass 


Itrass 
27  J 


Hrass 
.Vi.l 


Hrass 
27 -.f 


_»  n       A     vry     siiinotli.     iiriyht     salisfaitnry 

pl.Ur  wlu'ii  lakrii  frttiii  soliiti.in, 
will,  li  r.-'iiiirr-l  vtry  liulc  tjulliiii; 
lu  ti'lisji. 

>  0  I'latt'  was  a  tiall  nu-Iallir  in'.otir  \vl..-ii 
taki-n  irniii  bath  hut  huttt-ii  up  to 
sati-t.i.  tnry  stirlari'.  I'latr  ^how.ii 
tVv.-  pits  iirar  hottoni. 

1  ,*()      I'l.itf  lin-v   in  rolnur  as  r.-inoynl   fniiu 

h.itli    hut    rrailily    hi 1    lo    salis- 

t.i>t(ir\   tiiiish. 

2  0      Pl.itt'    ihill    in    inluur    anil   hurnitl   in 


Current  Effi^.ency  Test,  Solution  VI  C. 

Run   I. 

Curri-nt  density  apijrox 0  50  ani]).  per 

("alliodc     brass  i)olislu'd  both  sidis     area  72()  s(|.  cms. 

Time  of  run 1  lir_<>  niin. 

Avcrais'c  current  llirou.uli  bath (t-,^.^7  amp. 

Theoretical  weight  of  cobalt  deposited (IS<),^     jirams. 

Weight  of  cath(Mle  before  plating -'  ^-.-s'^y) 

Weight  of  cathode  .ifter  plating ()(»■  J().s<) 


sti.  dt 


Cobalt  depositi'd 


CrKRKNT  1.11  1(  ii;n(  V 


OS72 


0-,><).^ 


()-.>72.> 
=      <)4  •  () 


Kiiii  If. 

Currenl  density  ai)i)ro\ _()•  .Ml  amp.  per 

("athtKle     brass  polished  both  sides     area 720s(|.  cms. 

Time  of  nm 1  l''".  0  min. 

.\\frage  ctirrent  through  bath 0-.>f)l     amp. 

Theoretical  weight  of  cobalt  d"'po>ite(l "l'?^     grams. 

Weight  of  cathode  before  plating ()2-7.sS2 

Weight  of  cathcKle  after  plating (),M  2W 


Cobalt  ileposittd 


CTRKKNT  Kl-FICIKNCV 


0-.i72 


0-.i')7 


()-,n7 


<>.^ 
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Run  III. 

(\im"iu  density  api)r()x l .()  amp.  per  sq.  ik-c. 

(  atlicxlc  -brass  polished  liotli  sitlcs     ana 39-2  s(|.  cms. 

Time  of  run t  l,r.  ()  „iin. 

Average  current  tlirouuli  balii O-.VM  amp. 

Theoretical  weight  of  cobalt  deposited ()-43.?    grains. 

Weight  of  catlKxle  before  plating 29 '6882       " 

Weight  of  cathofje  after  plating ,?0-()979       " 

Cobalt  deposited ()-4()97       " 

()-41() 

CIRRKNT  KKKICIK.NCV    =     94-6', 

0-4,^.? 

Run  IV. 

Current  density  approx 1  •()  amp.  per  sq.  dec. 

Cathode — brass  polished  both  sides     area 40-(»  st].  cms. 

Time  of  run 1  hr.  0  min. 

Average  current  through  bath 0-402  amp. 

Theoretical  weight  of  cobalt  deposited 0-442    grams. 

Weight  of  cathtxle  before  plating .^7  -  7798         " 

Weight  of  cathfxle  after  plating 38-1982         " 

Cobalt  deposited 0-4184 

0-418 

CI  KRKNT  KFFICIH.XCV =     94-6     ', 

0-442 

SOLUTION  VI  D 

This  solution  is  the  same  as  I  H,  except  that  boric  acid  is  added  to  it. 
In  fact,  the  identical  solution  1  B  was  used  with  boric  acid  addition.  The 
final  coDiposition  of  the  bath  was  as  follows :- 

Cobalt-ammonium  sulphate  CoS04(NH4)2S()|-6Ho()   200  grams. 

Boric  acid ,^7.2       " 

Water 1000  c.c. 

In  making  up  this  solution,  after  the  l)()ric  acid  was  thoroughlv 
dissolved  by  continued  agitation,  it  was  allowed  to  stand  for  several  days 
to  see  if  any  salt  would  cry>iallize.  The  solution  was  perfectlv  clear 
after  this  period,  and  appeared  to  be  ready  for  use  as  a  plating  bath. 


Hi 


n 


Data  of  Plating  Experiments,  Solution  VI  D. 


lUU- 

pt-riMii-iit. 


1)14 


S-pt.  2S 


il.-ll-ity  ill  I'"Irrlrc). 

.imp'Tcs  ii.'Hivi- 

PIT  -.1.  1  .r'i- 

ilfciiiu'lrt'.  in  volt!*. 


St'i't 

2(t 

1  II 

()c  t . 

CI,  t. 

1 
1 

1  II 

12 

().l. 

1 

1    i 

Sept 

m 

1  -5 

S<-pt.  IK 

S'pt.  .") 
CM.     .' 


I'; 

1-5 


2  f^5 
1  J5 
14 

1   ,i5 


1   H7 
171 


KIc-.irc.l.-      (\illi.»li- 
ili-itaih  <*  iirtM  Ml 

in  till-*,         -"l.  iiiH. 

HniM 

Ml  IS   S 


111 

111 

111 
to 

HI 
III 


HI 
III 


llrais 
.14   1 

Itru-^s 
U   t 

.14  .t 
Ura.« 
t.'  ii 
liniss 
.14  I, 
Hrass 


Ilr.i-i 


Hra«s 
.f.i   s 


Hnis« 
17   .s 


Diir.iluiti 

ul  (  liar.u'.rr   ■•!    pUil<-   .itnl   n'iiMrU« 

platinu. 


1  0  C,i»A.  even  tiniftprni  (l.-i>n-iit.  t'iri-y 
\s!ifn  t.ikiTi  t'rurii  hath,  hut  -hinvini: 
K'Kwl  hl-itlo  wlli'Tl  hullrd. 

1  .1(1  Stinmili  .ukI  unifonn  'li'liosit.  sliowiiii; 
liiMxl  Iiistn-  whi'n  p(tli-*ht-(l. 

I  1}      linod,    siiKHith    iniifnriii    cn-y    cl,-i  ,<ii, 

I.ikinn  jicMwl  liistri-  wluTi  pnltHllfd. 
I  I)  SaliU' 

I  0  Same 

I)  Saiiu' 

II  riiifimii  (Itill  while  ilrpo-it.  :Jh(»\viim 
ti-nil«Mu:y  ti>  split  at  tin-  hottuiii  am! 
c-.lti-s. 

I  Mi  riiifdrtii  siiun>th  un-y  plate,  j'.howinu 
ti-TnlrlUA    II)  IH'cl  at   tile  eit^;e:i. 

1  II      rnth»fiii    lii;ht    i;re\    ileposit.    I'plit    at 

.-.kes. 

I  II      I  iiiliiriii   riiiJ^h.   vrey    porous  ileposit, 

impnssihli-  III  hull. 

II  .10      riiitiiriii      ktey     ileposit.      haiih'      lias 

llitteil. 


("()N(  l.l  -^lONS. 

(1)  Solutiim  \I  A  (lous  not  yiild  a  sitisfactory  plato  at  any  ciirrfnt 
(lensitv,  jilalini^  with  cast  ariiKlos,  ii|)  to  1  •()  ain|)cri.s  jkt  stiuaro  (li't-iimtrc. 
Tlic  jilatos  an-  dark  and  siioltrd  and  hy<ln)i;in  is  fvoKyd.  At  current 
donsi^-  the  luiKtiliinirliixKl  of  oiu-  amiHTc  jior  sijuarr  diiinii'lrt'  or  hi^lu'r. 
tlio  pU  i.'  badly  Inirned  and  pilii-d.  Willi  rolli-d  anodes  tluTc  is  a  sliijlii 
iniprown  at  nKKJcratf  ciirriMit  dnisitiis.  that  is,  in  the  ni'i^lihourhoiHl 
of  0-5()  a'        res  piT  stiiiari'  decimetre. 

(2)  ......ition  VI  15,  which  is  the  nickel  analogue  of  \' I  A^ave  very  lirit;hl , 

clean  >atisfactory  i)latesat  current  densities  tipto  t)-.S()  amperes  jier  sipuire 
decimeter.     At  current  densiiies  greater  than   this  the  |)lales  are  luirned. 

i,ii  'I'his  nickel  solution  \'l  li  is  not  nearh'  so  fast  as  some  of  the  c<)- 
halt  solutions  elsewhere' described  in  this  paper. 

(4i  Solution  \'l  (',  which  is  a  niori'  coiici'ntrated  solution  of  the  t\pe 
of  \'l  A,  operated  satisfactorily  .it  a  hiiiher  current  density  than  \'I  .\, 
that  is  up  to  1  t)  ampere  per  s(|U.i|-e  decimetre.  Thi^  conlorms  to  the  lieti- 
eral  conclusion  throil);hout  this  work  that  ihe  more  concentrated  cobalt 
solutions,  which  .ire  likewise  those  from  which  plates  maybe  obtainetl  with 
the  j;reatest  speed,  are  the  most  satisfactory  for  practical  plaliiit;  purposes. 
5)  Solution  \'I  1)  is  not  to  be  compareil  in  speed  with  1  H,  from 
which  it  differs  only  by  the  addition  of  the  boric  acid.  Solution  \'I  !) 
vields  a  satisfaclor\ white  cobalt  plate  at  all  ciirreiil  densities  up  to  1-25 
amperes  i)er  stiiiare  decimetre. 

(Oi  The  current  el'ticieiicies  with  all  solutions  of  Series  6  are  hii;h 
and  satisfactory,  the  average  beiuK  better  than  '«)  pet;  cent. 

i7l  'i'hese  solutions  openite  alike,  pl.iting  on  iron,  steil  and  brass, 
for  which  metals  onlv  the  above  conclusions  appK'. 

(8)  The  cobalt' plates  from  Series  f),  wherever  they  are  pronounced 
satisfactorv,  are  firm,  adherent,  hard  and  uniform,  and  may  readily  be 
buffed  to  a  satisfactorily  tinished  surface.  They  take  a  \er\-  high  polish 
with  a  beautiful  lustre,  which,  although  brilliantly  white,  possesses  a  ■-lightly 
bluish  cast. 
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SiKiis    7:     Cohait-Ammomim    Si  i.imiati:,    ("oiiai.t    Cakhovati:    ami 
HiiKK    .\(  i:(  Sou  iioNs. 


This  solution  was  jiriparcd  by  hoilinK  i<'l>.tll-aiiimuniiim  sulpliati- 
on  si, lis  and  cobalt  (arhonate  in  w.itir  iniiil  tlu'  ivoltiiion  of  CO.,  ^ms 
ci-asf(l,  and  initil  the  solution  was  no  lonj^cr  acid  to  blue  lilnuis.  Al'tiT 
scttlinj'.  an\  undissoKi'd  cobalt  carbonate  was  removed  b\  liltration  or 
dc'cantation.  and  the  boric  acid  .idded.  Alter  tlirther  boilinji  lor  a  short 
time,  the  solution  was  allowed  to  cool  and  was  read\-  for  plaliiiK  purposes. 
It  the  solution  is  too  acid  it  ina\-  be  neutralized  with  ammonia. 

Solution  \'ll  .\  can  lie  used  with  rolled  aiKnli's,  or  rolled  anodis  with  a 
small  pi()p()rt ion  of  cast  ones.  The  projiortion  of  casi  to  rolled  anodes 
used  in  this  bath  can  In-  established  b>  frec|uent  testing'  of  the  additv 
of  the  bath.  I'or  this  purpose  the  follow in)i  should  be  noted,  lilue  litmus 
pa|)er  should  alwa\s  be  ri'ddenid  indicatini;  thi'  presence  of  boric  acid, 
con^o  i)aper  should  not  be  turned  blui',  for  if  it  does,  it  indicates  the  presence 
of  free  sulphuric  acid  in  the  bath.  Red  litmus  paper  should  remain  red 
for  if  it  turns  blue  the  bath  has  become  alkaline  and  further  addition  of 
boric  acid  is  re(|uired. 

.After  plates  from  -olution  \'II  .\  were  found  to  bi'  iinsatisfaclor\-, 
\  ieldiiiji  dark  deposits  at  current  densities  in  the  nei^!il)ourhood  of  1  ampere 
per  s(|uare  decimetri',  sodium  sulphili'  was  addetl  to  the  bath  to  see  if  the 
deposit  would  be  brighter.     This  l.itter  solution  is  solution  \'II  B. 

SOLUTION  VII  \. 

Cobalt -ammonium  sulphate  CoSO,- (.\Hi)jS(),-6Hj< ).  .6.V.S  grains. 

Cobalt  carbonate  CoC(  ),i ,S.,S        " 

Boric  acid  M:(  BO, ^1  -7       " 

Water 1001)  c.v. 

Total  bath ?..s  litres. 

Data  of  Plating  Experiments,  Solution     VII  A. 
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Klcitrodr  ;  l;itlunl.-  Oiinition 
i!i-lanri'     ;      aim  in  nf 

in  rnis.  srj.  cms.  iilaiinn 

i 


20 

JO 

i(l 
JO 


Kraw 
27  .1 

Hrass 

2  7-.* 

Brass 

Hras< 
.^'>  ,1 

Hr;.<s 
27   .i 


(  hararier   c»t    platr    .ui'i    rt-marks, 


Hriijht  cvt'n  platf  wiiiiout  flaw,  which 
btitiffd  satisfat  t(iril\  . 

O     iWrv     hri>;ht     smooth     i)Iatc    without 
(laws,  biittpfi   bri(jhtl\-. 

2       M)     : Surface    wramihir.     rnsatisfactor\'. 

2        10       I'httc    roiiyli    arifi    iins;itisf;utory.    ami 
rliit  not  jiolish  rcaclil>. 

2  o  Smooth  piatc.  frer  from  flaws,  white 
t  litit  not  histroiis.  Muffed  satis- 
!      fa.toril'. 

2  0      jl'iate    hiirne.i     at     <i'h<    an<]     hnttom. 

uus;ilislattnr>'.     (urrciit  'l<'nsit\- too 

2  0       I'l.iti-«i  hnrned  iit  etlves.  un>ati:;farttiry. 

(  iirmit  (icnsit\'  ton  Kn-at. 

2  Mi  Ht-avv  iliiosit.  hut  dull  and  granular. 
1      Hurued. 

2       M)     'Plate  humeri  and   uusjitisfaitory. 

2  0       Plate  si;tloy  and  un«at isfartory. 

S*)Iution  rapidly  be- online  more  alkalim-  with  use. 


Mmss 
M>  ,1 

,W  .( 
Hniss 
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SOMTION  VII  B. 

( ■(■iMll-aiiiiiK'iiiiim  Milphatf  CoSl ),  •  t  M I . IjS(  ),  <>\  1,( )     0._<  •  5  Kr.im>. 

Cd! lall  cirlx iii.it f  ("oCO.i •"'■■j 

lioric  acid ^''' 

Sixliuiii  sulpliili'  NajS( );, 1-4 

Water KMIOc.r. 

Total  hatli ^-'^  litns. 

Data  of  Plating  Experiments,  Solution  VII  B. 

( ,11  I'l  i/.. 

riirrc'U 

n.m-        rLiHitv  HI  l.l..lr..         II.-.  trciil.-       (\ah...l.-        I)iir.iti..ti  ,      ,  i  , 

of  ex-  .imi'ir.'^  ih..1iv.-         .ii-l.iii..-  iin.i  mi  ..I  (  l,.ir;i.  t.-r   ..(   l.l.i!.    .m.l    n-nKirk.-. 

IKTiini'iit.       1»T  SM.  I.it.i-  in  .111-'.  >.|.  .Ills.         i.liUiiiL-. 

.i.-i  imi  tr.-.  in  \-..U-. 

Hni" 
July  , I  1,1  .1.1).^  n  -•;    <  -'         "      Wluii-  .-s.-ii    i-l.iu-.    ^..iii.uli.il    Imiiii-.l 

s.. lull. Ill  r.ii'i'ih*  tii-.-i'iiiitm  iii.it.-  .ilk.iliii.-. 
K,..'/.r/  .!«.»/.■. 

j„|y  i;  ci-MI  I    21  1"  ';    '        !      ■'         "       .\n  .-vi-ii  vitisf.i.d.ty  iil.ilr. 

,„,,.,;  „  ,„  115  Id  ''''T  _•         0     |Salis(.i,l..rv    .|.-,...si..    I.ridil    ali.l    r.-- 

-  '     (itliri-'l  tint   httU-  liuthiiti. 

Ut:i-.«  I 

lillj.  17  ci  .Hll  1   il5  111  -'7    <  i         "     jS4iti4.i.  t.ir:.    I.ru-lit    i-l.il.-. 

.lllly  l.x  II  DO  ;    Ml ^I0_  .';''(_'      2         0     Im.i.k  l..irni-.l   l-l.it.-. 

("()N(  l.t  SIONS. 

(li  Solution  Vil  .\  ^ivfs  hri^ht,  sati>factory  pl.itts.  at  low  (ii.riiit 
(k'tisitios  in  the  iu'iiilil)oiirlio«Hl  of  ()-,?.S  anipfrfs  jht  s(iii.irc  (kciimtri-.  a> 
is  trill'  "f  tlu'  corrcspoiidiiiK  nicktl  M)liilioii. 

(2)  Solution  \'II  .\  floi--^  not  IiikI  itsilf  for  rapid  platinsi;  at  ciirri'nt 
diMisitit's  over  OSO  amixris  jht  s(|iiarf  dfciniitrc.  the  plates  are  burned. 

u^i  The  addition  of  sixliiiin  sulphite  to  solution  \II  .\,  as  in  solution 
VII  H.  iloes  not  materially  increase  the  current  density  .it  which  satisladory 
bright  plates  niav  he  ol.tained.  The>e  M)lution>  are  not  to  be  compared 
for  rapid  platiii.u  with  some  of  the  others  docrilied  and  styled  satisfactory, 
as  I   B  and  XIJI   M. 

(4)  The  solutions  of  Serie>  7  become  alkaline  so  nipidly  with 
cast  anodes,  that  rolled  anodes  should  preferably  be  used  with  them.  In 
t;eneral.  cob.ilt  solutions  improved  by  addition  of  s(«lium  siili)hite  are  not 
sulticiently  constant  with  prolonj;ed  use  to  haw  tlii'  self  supporting!:  char- 
arterislic  retpiired  bv  mo>t   pl.ilint;  establishments. 

I.Si  The  soliitiinis  of  Series  7  oiier.ited  alike,  plating  on  iron,  steel 
and  brass,  for  which  metals  only  the  .ibove  conclusions  api)ly. 

IM  The  cobalt  plates  from  St-ries  7,  wherever  they  are  pronouiu fd 
salisf.ictorv,  re  firm,  adherent,  hard  and  uniform,  and  may  readily  be 
buffed  to  a  satisfactory  finished  .surface.  They  t.ike  a  \ery  hii;li  polish, 
with  a  beautiful  lustre,  which,  although  brilliantly  white,  possesses  a  slightly 
bluish  cast. 

Sl-.KIKS    S:     CoH.VLT    St  l.l'II.VTi:.    PolAsSIt  M    (lIK.SriC    .\M)    .\MM(lMt  M 

("iii.oKiiii;  Soil  TioNs. 

This  bath  is  analogous  to  one  recommended  by  I.aniiibein,'  (".  H. 
PriM-tor,-   and    \V.   Pfanhauser.'  and    which    is   reported   to  be  particularly 

i  Dr.  (li-o.  LaniilM-in.  "Klmri)ili'ii"-'it'.in  .if  Mi-taU"  (ith  K.liti.in.  l<.-vis.-.|. 

=  Mi't:il  liidustrv.  l')ll.  p.  -Vvl. 

>\V.  I'fanhiUlsor.  Kli-ktroplatlirruni;.  I'llKI. 
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siiisfaLtory  for  platinn  on  coppi-r  and  /inc.  LaiiKlnin  r.p«riliis  for  ilir 
nii'kfl  solution  on  ropprr  anil  copper  .illoys,  a  current  (Icnsitv  of  0-45 
amperes  i)er  s(|iiare  decimetre,  atid  on  /iiic  a  current  dell^it\  of  (1-8  to  1 
ampere  per  scpi.tri'  decimetrtv 

SOI.ITION  VIII  A 

(  olialt  siilph.iie  ('oS( ), 20-.?  grains. 

l'ot,i>>iinii  citrate 17-6       " 

.\mtiii)niiim  chloridi'  NHiCI   17-6       " 

XVati  r IIKM)  cc. 

Total  li.ith    2-?i  litres 

Data  of  Plating  Experiments,  Solution  VIII  A. 

Oil/  .llM»/.i. 

Cilrri'iU 

IJati'        iliiiskv  111  l':i,iiru-       KlntriHlc      C;illic»li'       Uuratinti 

of  .-v-         ,iiii;i.-n<  iiiniivi-         ili-ilaiui-         ariM  111               iil               Churaiter  .if  pl.ilis  ami  remarks. 

IxTiiiK'iu.      i..r  si|.  liirif            in  cms.         si|.  mis.    ,    iilalinu. 

(It'fimftrt'.  in  viiUw.                                              j 

Hr,i« 
''"*  "   '"  "  '■"  111  O  X  -•         II      Cimil.    iinifnrm    bluish    «liiie   ilipiisit, 

'""*      '  bulti'd  riMilily  to  iiiirrur  surfacf. 

Mrass 
Oil.     I  II  M>  u  1)7  III  ,1,1   I  _•         II  s.inic 

Hra.ss 
''""•'"  "   'II  I"'  -'"  .'7    i  ,1  II       HiMutifill    l.riKht    har.l,    smooth    plan 

aftrr  iKiIishiiiK. 
Hra^s 
.l"li'  "  "'^1'  II'  H  (7    1  I        10      U.irk  plan-  1111  ri-moval  from  solution. 

lint  hiilli'd  up  satisfactoriK . 
lira" 
"•'■   -  "  '"  I    >l)  II)  411  s  I        ,11)      Smooth,  uniform,  xri-y  ilrposil,  riailily 

liulfi'ij  to  mirror  siirfacc. 
Mr.is< 
"';'•-'  III  I   «>  II)  HI  I  II       Smooth,  uniforni.  cn-v  ili'posit.  liiilfi-.l 

to  satisfactory  tinish. 
Brass 
"'•■  1'  '    '  -'4  111  l.i  .1  I  I)       rnifurm.   ur.-y  ih'posit   sliuwiPK  burii- 

iiii;. 
lirass 
"I'l-  I'  1    "'  -'II  10  ;         .10  0        '      0         l.i  Sam.; 

Solution  \[ll   15  differs  from  solution  VIII  A  only  in  that  it  i>  more 
concentrated  in  (■oS()4. 

SOLUTION  VIII   B. 

Cobalt  sulphate  (oSO, 4lt-.S  grants. 

I'olassiuin  citrate 17-6        " 

.\miiioiiium  chloride  (.\H4)  (1 170       " 

\\atcr 1(1(10  cc. 

Total  hath 1  •()  litres. 
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Duta  of  Platinft  ExperimentH,  Solution  Mil  B. 
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/m,  Cllliolr 

(Kt.     i 

(1  J(P 

(1    ,K(I 

111 

taut  zinc 

Oil.  Ill 

(I  Ml 

1     (l.i 

III 

Niiiif 

(Kt.     (I 

(1   75 

(IU5 

Id 

(      .l.it     /ilH 

Sl'pl.  .>1 

1  0 

1    1 

111 

I'.tst  /iiu 
2ttU 

II  (rv^t.illiiir  in  nm-t  h'ATl*.  I. in  «iili 
sniall  pat'  Im'!<  oI  4tiHM>tti  pLitr. 

0  I'liiforni.  xnuHith.  urtv  ilriKisit.  n.i'lilv 
biltti'd  to  mirror  !<iirfa(i'. 

II  i.uod,  ■iiiootti.  iiniforin  pl.iti'.  «<>tiit'. 
uti.il  ilark.  liilt  t.ikinu  a  hihmI  [Hili^h 
wllill  iMlllnl 

II  r.iio.i,  "tiiootli.  Miuionii  |i|,n,,  -.iiiii- 
wlt.it  fl.irk.  I'itt  t.ikiDL;  .1  k'oo'i  i>oli-1i 

ulli'll  hllfli'l. 

II  rii:f')rni  Hinontli,  wliih-  pl.ilt-,  Imitiiiii 
to  mirror  ^iirt;u  c 

.til  (toixl,  '*m(M>tli.  uniform  ilrpo^ii.  li.irk 
Kr<'> .  tint  takiiit;  .i  liooiI  pi.l'-h. 
SliiilitK'  Ituriit-il  al  imIui-.!. 

0  I'liiform.  i«moot1i.  uliitr  (IrpoNiit.  Ii-ht 
Iv  pitp'cl  at  lop  .111(1  liiirm.i  .it 
l-diirs.       Not    rr.lclllN     hlltlcil. 

II  Siiiooili.  tiiiilorm  ^f\  tl'-po,it,  -Ir.-lnK' 
h'iriM-.l  on  .•liu.s  .111.1  ilitlKnll  to 
liillf. 


0  Smooth,  imiforiu  iintallir  dark  i;ri->- 
111. It"'.  Miitliil  riadiK  to  ii  iiior 
Mirtari'. 

(I  Saint*.  Mrilianiral  .mit.ilioii  oi  ^ol- 
illioTi    mar   i  .itl,.i.li.. 

II  Very  roin;li,  ^.  ,ilr%.  iiii-.ili'i.n  lory 
ilfposit.      Mfi  li.iiui  al  aiiit.itioii. 

II  IVior  plate,  ycry  dci  iiliilly  ir\  Malliiii' 
dt-po^it.      \i)    a'.;it.aioii. 


Co.Nci.i  s;()Ns. 

(li  ("ohalt  i)liili's  from  tlusf  culialt  siilpliatf  siiliirtuiis  (•iiiuainiiii; 
liotassiuni  citrate  and  ainnuMiiimi  tlilurido,  nii  lirass  ami  iinii.  are  linn, 
adiiiTi'iit,  hard  and  imiforni  iind  may  nadiU'  lie  luillfd  to  .i  saiislaiiurily 
tinislu'd  siirfacf.  TIiia  lal;c  .i  \it>-  lii,  h  pnlisli,  wiili  a  iif.iiniful  lii^iri'. 
wliicii,  altitoii.nli  lirilliantK-  wliitc.  piissfssis  a  sli^luK  lilni>li  (■,l■^l. 

(2)  Ni'itliiT  siiiutioii  \III  .\  iinr  snliitiun  \III  H  li'iuU  itsfil  ii>  f.i-t 
cobalt  jilatini;  iitcf  solutions  I  M  and  XI  II  M.  Solinion  \III  .\  \iilils 
satisfactory  deposits  al  all  current  densities  up  to  1-0  ampere  per  >i|iiare 
decimetre,  while  solution  \'III  I?,  which  is  more  conceiilnited  in  coli.ilt 
sulphate,  yields  satisfactor>-  plates  at  all  concentrations  up  to  1  -23  ampere> 
IHT   stpiart    decimelre.     These    tisures   are    for   platinj;   oii  brass  aiu'  iron. 

l.^i  Solution  \'III  IJ  may  he  used  for  plating;  on  zinc  al  low  current 
densities  up  to  0  50  amperes  jier  siiiiare  decimetre.  pariicularK  if  the  miUi- 
lion  near  the  cathode  is  a^iiatetl. 

Si;kii;s    '):     ("oii.m.t-I'iiosph.vti;,    Soiiii  m-I'vkoi'IIospii  \ri:    Sdii  tions. 

SOLUTION  IX. 

Colialt  phosphate  C'()HI'(>4 75S  uraiiis. 

Sodiiini-pvroDliosphate OO-l 

Water.    .:        1000  c.c. 

Total  hath .^-.5  litres. 


.im 


4(> 

l.an^lx'in'  ri'i-omiiu'iids  a  >«>tiiii<>ii  ((iniaininu  nii  kd  |>lii».|ili,it('  15S 
^nim>,  MHliiiin-|)\  ruplin>pli,iU'  (>fi-t  Kraiiis  ami  w.ilir  KMMI  <  i  .  lor  ilark 
nicki'llin^  iiImhi  iron,  l)ri>-.  and  «i»|)|Mr.  'riiir.i>  >.ii|)1m>-.«'(|  in  lie  |iarii<  iilarK' 
-rrv  iriaMc  wliiTf  darktr  Ioiu'miI  nickflarr  rciniirfd  lor  dtcurativc  piir|Mi-.c-. 

It  \va  liiimd  ill  Irving  lo  prcpari'  llii-  .iii.ilniiciu-  chImIi  pliospliatc 
Milnliun  ihal  ilu-  xiliiliiliu  nl  tlic  cujialt  phu^pliaic  \\a^  Inwir  tiian  ili.ii  ul 
nil  kil  plio^pliaU-.     Soliiiiiiii  IN  i>.  >atiir.itt'd  iii  ((ilt.iil  plio-^piiatc. 

Tiif  inliali  plinsphaif  pnparrd  for  iiii>  lialli  wa>  iiiadr  l'\  mixing 
I  wo  soliilioiw  oiu-  i-oni.iiiinj;  M)()  Krani>  ( 'oSt  ),•  71lj( )  in  ,<■  I  liin-.  of  warn 
w.iUT,  and  tlii'  otluT  conlainini;  24-'>  K''am>  >iMliiini  plio>pii.iii'  in  .<•  t  iiin-s 
of  warm  w.iiiT.  Tlu'sf  two  >oliilion>  were  ini\(<l  with  coiwiaiit  ^lirrinv;. 
and  llu'  prt'cipitaU'd  coliall  plio>pl)air  lillcrcd  oil.  Tlusc  (nianlilic^ 
yiildrd  15M  ^;rams  loliall  |ilio>piiatf. 

Tlu'  liiial  lialli  was  prcparicj  i)\  di-.>ol\in^;  ilic  >iM|iuin  p\  ropliospiialt' 
in  warm  water,  .md  .idclini;  the  loli.iit  pliiiN|iliatc,  wliiili  <lis-,ol\('d  up  to 
tlu' i|iiantil\  indicati'i!  it,  sojnlion  IX  a>  lU-tiTmiiird  li\  aiialy^i- l>iil  not  up 
to  IJH'  (inantits  ri'ionmu'iidcd  li\-  I  ..iiiKlx-in  for  nitktl. 


Data  of  Plating  Experiments,  Solution  IX. 
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IHT  mj.  forci' 

(Icfiiwt'H.  in  voiti*. 

II  511  I   III 


I  II 
1  II 


(list  .\mnJrs, 


l;l.-.  iru-        I'l.vir.Mf       (  athnili-       Dui.ilii. 


Iilatinu. 


'll-l.lIU' 

ill  i.lliti. 


Ill 
III 


.iri-it  Ul 
*|.  nil.. 


J7    I 


i\   1 


II    I 


Hr;iiii 


.'7    < 


t  h.ii.ii  irr  III   jil.it''  .iii'l  ri'Mi.irki". 


1  111      I'l.ili-    i(iati-il    uitli    pri'i  iiiil.itc    .ifliT 

ri'i.Kiviil  fniin  vtihitiiiii.  uiiii  li  y^ii. 
i-.isil\  wii.tifi!  nil,  S.ili-'fiiitor\  .mil 
PM.Iily  liuM.-.l- 

2  If      D.irk     Htrrakcil     il.-iui^tt,      C.rt.ttinnil-i 

('•itiult  riilniKiuiiil  pri-i  I|i't.tti-<1  III! 
surl.lir  III  r.llliii.|i'. 

.'  II      Dark.      lii-^trniiM.      itrt-.ikril      ilrpoi't. 

I  .rl.itilliiiiH  jirf  iim.itt'  .1^  ill  l.i<t. 

2  U  \  liriiiht  i.itHf.i.  tiiry  pl.il.'  .!■*  t.iki-li 
iroMi  MilulK.li.  i-Mrpt  tur  li-w  lihuk 
spcil-.  Willi  h  liiilli-.i  oil  .-.inily. 

1  .III  .-'iiiiintti.  I  vi-n  pl.iti'.  wliii  li  wail  ciiveml 
Willi  hliiisli  pri-iipit.itf  whi-n  n-- 
iiiuvrd  friiiii  li.illi.  Sat  i;*layliiry 
upi;ii  tiutlirm. 
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.'7    i 
Hr.l-S 

1         15 

III 

411  II 

I         III 

•ik.  strt-aki-d  and 


i.itislai  lory . 


k.     strcakt'-l     and     uiiaati-ifartory. 
lirlaliiiiMiii    liri'iipit.'.tr   on   latliodf. 


("oN(  l.fSIONS. 

il)  Soiiiiion  IX  is  not  iiion.'  sat  isfailory  tli. in  tiu' rorrcsponding  nickel 
lihospliate  solution  for  the  purpose  of  dark  lohallinsi  fi>r  decorali\e  purposer,. 
The  voltage  reipiired  for  iiiiKlerate  eurrLnl  iiensities  is  extremely  hii;ii  as 
(■(>ni|)ared  with  that  ri'tiuired  for  other  coh.ih  solutions  deserilied  as  satis- 
fartory. 

lii  (oliah  pho.sphate,  in  tlie  jiresence  of  siKliiim  pyrophosphate. 
as  indiraled  in  solution  IX,  is  less  sohilile  than  the  eorresiiondint;  nickel  salt . 
This  is  the  only  case  among  those  studied  in  which  the  colialt  hath  could 
not  made  more  concentrattd  in  metallic  cobalt  than  the  correspondint; 
nick.,  lialli,  with  con:,ei|lleiu  j;reater  electrical  coiiducti\  ii\-  and  cones 
pondinKly  higher  permissible  current  density  for  (ilating. 


I  [)r.  C.«i.  l.anitbi'in.  Eli'itni-di'iiiK;  -cm  iif  Mi-tals.  otli  Kililion  reviiicd.  ii.  .'5». 


Si  Kii  -    10:    Coll  \i  r-.\M\ii>\n  \i-Si  I  I'liAii    MA<iM;>iiiM  Soi  i  rii>\>. 

soil  HON  X. 

Culiali  Milpli.iif  l'>  <>  nr.inw. 


Xtniiinniiiin  ^iilpli.iti' 
M.iKiH'^imii  -.iilpli.iir 
W.iur 

Tiil.il  hath 


22() 
Ai  ■  X 
KMMI  .1. 
I'S  litns. 


Data  of  Platlnft  Kxperlments,  Solution  X. 


Hat,- 

..(   .A. 

(■'■"""■I 


I'M! 

lull    "I 


I  iirrrtil 

1 

<t<'n*it\  III 

Kl.vtro-     1 

.unit,  n  « 

IlintlVf 

•  U    nil'  tr<' 

Ml    \Mit-        : 

N'pt 

*ll 

II 

HI 

S.'I.I 

Id 

II 

sn 

Jlllv 

ft 

u 

Sll 

July  If. 


July  ."1 


X-pt.   til 


July 


.S'pt.  .10 


July 


July    1 
July  in 

July  16 

July  ,r 

July  17 


II    III  II  ;ii 


II  X7 
I  IH 
I    M 


II    Ml  II 

II    ■ill  I     I* 


Jlllv  15 

OWI 

July    : 

in 

July     7 

1  1) 

<1   711  I    "1 


Kl.-,  ir... 

tut  .111' 


III 
III 
IS 


IS 
IS 


I     .llll.Hit 

.III. I  in 
»i|    I  iii«. 


Hr.i«« 
t'l  ,i 


llr:i«« 

III  (1 


,IJ   .' 
llru-i 

Hr.i^i. 
IS    I 


Hr.K- 
i;    I 


Hi.m 
II    I 


llr.i" 
IX   I 


Hia-s 
II   H 


Hr.i-- 
4K    I 


lir.i-- 
.<;    1 


IX    1 


Ht.i-^ 
Ml    I 


t'l    I 


lliir.iliuii 
pl.tlllllj. 


(  hufiu'trr  tif  pUU'  aliil  li-iuarki*. 


liKH> 


Ur;l- 

i;  1 


lira*? 


lira" 
,IT    I 


1  .III      I't.iti-  nt'  vvliitr  lurtallM'  iiiloiir  a.«  takt*n 

tiMiii  ^ijutiiiii.  •mil  I'U^iK  l>utli-il  ti- 
iiiirtnr  iiiiifatt'. 

2  .1      ItiMiil,  while  Ulilfiiriii  ili'l-n-il  ti'-iikiiiil; 

1)111  littlf  iHiItuiii  to  tiritik;  to  nurriir 
tuirl.ii  f. 

2        11  Same 

1  111  fianw. 

2  II       \   tinelit    I'latr,   i-\i-nly  >  iiatnl   purcpt 

for  t'-w  itn  .iks  in  metal  portion. 
Ut.i'lilj  l.iitti.'l  to  ^.itiHla,  tor>  nurrof 
^utl.e  >■. 

1  III       llriiitit.    uniform    jil.iti-   otit.iin'-^i    over 

entire  .tiirfaii'.  KeatliU-  liiitfeil  ii> 
<,itii*faetory  mirror  xurfaee. 

2  II      Pl.ite  of  white  inet.tllie  I  (iloiir  ai  t.ikeii 

fioin  solution,  aii'l  eauily  huffed  to 
minor  .^iirfaie. 

I  ,*ll  llricht.  uniform  jilale  olit.inieil  over 
.ntire  -urla.e.  Readily  l.ulle.l  to 
*.iti*f.utory  mirror  siirfare, 

_>  II        Kriwllt     plate,     evelllv     loated.     exi  epl 

for  leu  streak*  in  tiildille  portion. 
Ke.iihh'  huftiil  to  >.ttisf.irtor\  mirror 
siirl.ue 

.10  I'.ooil.  iinifortn  white  deposit,  re- 
quiriiu;  but  littli-  hutfinv:  to  hriii;; 
to  mitroi  siirlaee, 

.III  S.it  't.ii  tor\  plate,  white.  <4tmHjtli  and 
even  Heailih  hutfed  tosatisf.ietory 
niiiroi  -iirt.ue. 

II      Plate    htinht    .mil    smooth    at    eeatre. 
hut   somewhat  hurned  at  the  eiliies. 

Ill  llri..:hl  i.iati-.  rou'4h  and  uneven  on 
lower  portion,  no  hurniim  apiiarent. 

II  .\  vei\  tliiik  ol.ite.  whi' h  was  roimh. 
d.itk   m   eolour.  lull  of  s,u,,ll  holes. 

hut  uillierellt. 
11       Pilte.l  .mil   .somewhat   hurned. 


II       lirijiht.    smooth,    uniform    pl.tte    over 
entire  mirfaee. 


Uriiiht.      smooth     pl.ite 
surfa.e. 


hut  not  very  uniform  ill  aiipearanee. 
some  jiart!*  darker  than  others. 

II      1*1. ite  very  :*mootli.  briKht  and  uniform. 


4H 

< 'i>\(  i,rs|M\>- 

(1  <  "liall  |il.iU-.  friiin  ■Miliilinn  '  mi  lira**  .ind  iinri  an-  tinn,  aillifrpiit, 
h.ird  anil  nilonu,  ami  ni.iv  rtMilily  I"  lniiU'd  to  -.aiiilai  irir>  mirror  -.iirtaic, 
Tht-y  ta'..  a  \it\  liii;li  puli-.'!  \shU  a  liiaiiiifiil  liistri,  wliiih  alilmiiuli  hri!- 
lian'lx   'Oiiii-.  pi  ,>.-.(  ■■■((•■.  a  ^linlilH  Miii^li  la-i 

2  i  If  suit  \i'lli>\\i-,h  liiiyc  w  lii(  li  is  oliMTvi  (I  wiun  jilaiiiin  wiili  ilii' 
liirkcl  .  al.  \HH-  III  ><>lulii>ii  X,  \\a>  iii>t  I'otiiul  will)  l!u  culialt  sululion. 
<  Ml  tl\t'      III'    i\  llif  plalfs  .iri' luailtiliills  while  and  haid. 

iSi  I  111  -.pit  ilic  cli-iirif.d  jiHiduciiv  il\  ul  >i>iiiii(>ii  X  is  \ir\  iiiiuli 
luKlu'r  thai'    '     I  ol  llu-  corrc-iMMidiin:  iiickil  ^iilutiDii. 

I  I         '.,  llif  cnliall    plait'-.  (UiMi-ilcd  al   ciirriiii   di  ii-ili. -.    ImIwi'ih 

((    'S  a   i    "  (' .Is  smiM)ili.  adlifsivi'.  and  Ki'iirrally  salislai  iiir>  a- llu' Iw- 

llif      ' 

ui      I    \    cIcH'n  iKit   liiid  iiMil    lo  I'MTfiiifU    I.I-.I    plaliii^;    likf 
s(»lui     '  {  ..  id  XIII  U  1)111  s.ii  i-.la(iur\   pl.ilo  ni.i\   In-  ulii.iiufd  uiili  it 

al  cii  -u,  'Ul  Mrs  lip  to  U-7.S  .iinpcrcs  |«<r  Mj.iirf  <l(i  nii'irf.  Soliiiion 
X  ina  :  n'  ii.i  1 1  \vr\-  ni  icii  hiulH'i  ciirrfiii  d.  iisiiu-.  ili.m  llu-  <  "rri'-.])oiuliiin 
iiicki'i  ''ti  .  <>r  wir  1)  .i  ciirn  lit  di'iwii\  of  it'20  ainjK'i.s  p»r  ><|ii,iri- 
tk'ciiiii''  ,        I.   '•"   HI 


Sf.:M 


I 


-ii  I  I'liAii..  Ammomi  \i- Takik.' 1 1  .  Tanmi    At  III 

Soil    IK  IN-.. 


SOl.t'TION   XI. 

(  (ili.ili  >iiipii   If  (  oS( ), .    .      2,s  ii  (ir.ims. 

.Xniiiioniimi-i.ii  ir.iif  (  Nll|i.('ill  ;< )  41-7 

T.mnif  aciti  H  <   ;H„(),, (IJ.S       " 

Waltr .  KMMI  f.c. 

Total  li.uii     .<-.S  liiri- 

Nt  ulr.il  .iiiiiiioiiiiini-t.irir.ilf  is  oliiaiiifil  ii\  >,il  ur.iliiii;  .i  solution  of 
tartaric  aciti  willi  .inmioni.i.  llic  coii.ill  --.ill  -h.nild  also  lit'  lU'iilr.il.  ilic 
soliilioii  is  prt'p.ircd  ii\  di^soK  iiii;  ilu'  iriuri'dii-iits  shown  alio\f  in  w.iifr. 
lioitiiii,'  for  .ilioiii  tififiii  ininiitfs,  .iddiir.;  w.iut  to  nuikc  dfsirt'tl  <|iiaiiiil\, 
.iiiil  lilltriii);. 

Data  of  Platitiji  Experiments.  Solution  XI. 


I  iirti-nl 

Oat.'        il.'n.iiv  Ml  Kl.-.ln.        Kl.-.  tn..l.-      Critlnuli- 

i\i  i'\-  aii.i>.  ri-*  jtii.tivf         ilwtaii. "         .;'.-.i    m 

IH-ritiifiit        ;..T  «'i.  fiii.i-  ill  .111-.  x.i- I  ■;.> 

'i..  iiiH-tr.-.  i"  \nh<. 


(har.ut.r   "f   iil.itf   .111.1   ri'niarlts. 


I'Ml 

July    7 


1        Mi      t  .it!i«"l''  .(>..r.-.l  with  a  il.itk  .l';i..(i!t 
will,  t:  was  .il.M.iut.  l\    ■ii-ali'i!.!.  tiiry. 


This  xihilion  toiuiiuialK'  pucipil.iud  i  foiiall  rciiipound  both  when 
in  list'  and  upon  -laiulinj;  iillf.  It  '^.uc  ilic  s.iim-  iins.tiisfaitory  ileposit 
as  in  ihf  rim  ~liown  alioxe,  at  llu-  >t'\i  r.il  ('iirrtiit  dtnsilit's  iriiil. 

('oNfl.lriON. 


Solution   XI    i--   not    >.itisfaitor\'    for  fili.ilt    plalini;    aiitU'r   tlic   usual 
conditions  of  pl.itini.;  prat  ticc. 


4'» 

Si:«iKs  12:  (*«)iiAr  r  Si  I.IMIAIK,  I'm  \>>ii  m  llM)K\fi.    \si>  Tahmhh 

At  ii>  Sol  I  iii)S>. 


SUI.I'I'ION   Ml 


('(ili.lll    ■»lllpll.lH'  (oSO, 
■|ari.iri(  .1.  id  ll,{  ,H,l>, 
(',iiisii<  poi.isli  KOI  I 
W.iiir 

'I'ol.il  ll.llll    . 


27  ><       •• 
(1  •  s 

1*HHI  I   r. 

,<■.=;  lilt.-. 


Illc  cnh.ilt  Mllpll.ili',  I.iilaric  .it  ill  .mil  "'.m^tir  iml.i^ll  were  ili^HoU.d  in 
w.iirr  .iiu!  ilii'ii  iiii\i'<l,  .ultliiin  ■•ulliciciii  w,it<T  tu  m.ikf  ilic  .ilmvi'  li.iili. 


Data  of  PlutinA  Experiments,  Solution  \ll. 


(  .|>I    In 

*  urrnit 

D.iii' 

il*MI+llV  III 

hlr.ltci- 

I-K-.  tr.»lc. 

1  .lll,...l. 

nfrx 

amiHTrw 

ninlivt' 

(lintuticr 

.irt-.i  in 

IK-rinii'iu. 

r«T  ««i. 

fun  f 

in  cm*. 

«1.  tlini 

'!filni''trf. 

in  v'iliK, 

1 

lit,.,. 

l"ll 

n  III 

1    17 

•II 

i:   1 

Jiilj     '. 

Itr,.-- 

().l      1 

n  ui 

1    i5 

111 

f'l  < 

Itr.iM 

Si'lit.  J'l 

nil) 

1    ."' 

10 

,t.l  (, 

Srpe.  W 


Ikt.     1 

II  SI) 

().I.     .' 

II  ,511 

S<-i.t.  to 

II  ;i 

July  1.1 

1  II 

IM.    2 

1  II 

(HI.    i 

1  2-- 

IM.      1 

I  -II 

IM.  1* 

1  -0 

l).t.    l,i 

1  '1(1 

1  M ,  U 

i  »r 

Ih-l.  li 

I  II 

IK  I,   li 

.;  1) 

Ocl.  Ill 

(1  0 

CXt.  U, 

7  0 

Oct.  17 

KO 

Oct.  17 

10  0 

Oil.  17 

12  II 

II       17 

1  >  li 

1    4S 

1    HI 

1  ■;! 

2  in 

I  I, 

J  ts 

i  S5 

J  Ml 

I  - 

4  .'' 

'I    111! 
,1  i>S 


It    II 

4  ') 
6  II 


HI 

111 
111 

1' 
111 
HI 
HI 
111 
HI 

III 
HI 
III 
HI 

to 

HI 
111 
111 
HI 


lii.i" 
t|   (. 

Hr.n* 
Uf 
Br;i«« 
41.' 
lira" 
I'l  1 

llr.i-- 
17  II 
Hr.i" 

tj   h 

Mriis'i 
I  -'  '< 

111  . 
Hr.is-" 
VI  (1 

II.    7 

Hi  ,<- 
U  11 

li 

U  ' 
Mr.i. 

I  i  I 

S.iiui' 
Mr.1.1 

II  ») 

1-.    .!<- 

Hi    I 

HI  (1 
Hr;iss 
11  - 
Hr.iss 
')   4 


Ml 

pl.lt  uu. 


CluraUtT  uf  I't.tii'  and  p-inark- 


II      I!  >tp    wluli',    iiriifonn    anil    vplvrtv, 
Kcadiiv  li'illcil  to  miiror  ^nrfarr. 


2         11  Saiiu 


2         (I      Ml,.  M.fti    tiniforin   clirk  (Irfioaiit.   wliii  h 
i-im*'l  111  ii.iti*t".i'-t'.ry  iiiirtor  Kiirl.in- 


I  (I        I    liilunil    "lIliHilh.    l,Tr\     flilHitit.    Uli'll 

liulliil  til  •ati-farl<it>   liiiUli. 


S,inii' 
Some 


411       I  inform.  <ninoIh   ■.•n-v  tlfli(i-<it.  wIikIi 
liiifn-il  n.itiifail.it.ls. 


1  111 

1  II 

I  10 

II  4.5 
1  0 


I'Vfii  snifiijti,  nati^f.u  Iiiry  pLili'. 

Same 
Same 

Same 


In        A    ^'n.i'!,    Sliini.lh. 
Pnli- I   a,  l.-l 


lit*'  iil.itc.  nearly 
A  from  ^ohltiiin. 


II  1 5                                   Same 

(I  %ii                               Same 

II  .'0                                Same 

I J  1=;                                   Same 

(I  HI                                  Same 

o  >                                   Same 

II  ;                                 Siime 

II  "■  I'l.itc  Inirnc'l  at  rikc^. 

o  '  lladl.v'  liiinit-'i  al  pik-ii-   ^plillini:. 


July  lf> 


in 


Hrasj 
,.r,  II 


'i.iii-  smiiotti  anil  uniform,  but  dark. 
I  hi'  sol  itiuit  tr'--i  which  tliis  plai^ 
u.i^  taken  li.ii!  tieen  ojierated  for 
4.S  lioiiis. 


50 

{"()\(  I  r>ii)\s. 

ill  (Kli.ili  pl.ilfs  from  Milutiuii  Xll,  whicli  is  >im|)It'  coli.ilt  siil|)liatc 
ill  llif  protiicc  of  pol.issiimi  l.irirair  with  an  cxcfss  iil  tartaric  acid,  on 
lira>s  and  iron,  arc  linn.  aiihiTcni  hard  and  iinilorni  and  nia\'  rcadiix  lie 
hnlTfd  to  a  >ali-.fa(lorii\  linislud  >nrlact'.  TUvy  taki'  .i  very  liij^li  polisii 
will)  a  iKMiililul  lii>lri',  u  liicli.  aitlioni;!!  hriiliantiv'  wliitf,  possesses  a  slii;litiy 
liluisli  cast. 

i_'i  .\ll  of  the  coh.dt  plates  from  this  sohilion  within  the  ciirreni 
densitv'  rani;es  lUscrilied  .is  s  ilisf,iclor\  .  .ire  as  sinoolii.  adiu'sive  and  IlIiii- 
er.iii\  s.itisf.iciory  .is  tiie  liesi  nickel  pl.ites. 

i.v  Solution  XII  is  .111  i-MniiU'ly  fast  jiLitini;  sohilion  wlieii  conip.ired 
with  the  l.islest  nickel  sohitioiis.  it  yields  s,ilislactor\'  pl.ites  .it  .ill  ciirnnl 
densities  lip  to  1 1    (t  .iniperes  |K'r  s(|ii.ire  decimetre. 

i4i  Sohilion  Xll  iii.iy  he  Used  lor  platiiii;  on  hr.iss,  iron  and  steel, 
for  which  c.illnKles  .done  these  conclusions  appK  . 

1,^1  There  is  no  nickel  Itatli,  ol  which  we  .ire  .iw.ire.  oper.itiiii;  in  tile 
niaiiner  ol  llie  Usii.il  pl.ilint;  |)ractice  at  aiiylhini;  like  .is  lii.nh  ^i.  current 
(leiisitN   as  the  loh.ilt  solution  Xll. 

SiKit  s  ].i:  ("ohai  T  St  i.i'HAii-..  CouAt.r  Ciii.oridi   and  Mdkic  Acid 

Soi.i  iioNs. 
Solution   XIH   A  is  analogous  to  one  sui;j;esled   to  us  l(\-   Mr.  \V.  S. 
H.irrows,  forem.m  of  the  platini;  dep.irtmini,  Kussel  Motor  ("ar  Coinpany, 
Toronto.  Oiu.irio,  .is  lieiiii.;  salisl.ictor\-  and  rajiid  for  nickel  pl.itiiiij.     The 
colialt  .iiialo!.;iie  was  made  iij)  as  lollows: 

.S()l.l'TU)N  XIII   A. 

foli.ilt  siilpli.ile  ("oSO, LSI  ■_'  ^r.ims. 

Sodium  chloride  .NaCI 11  -.^.^ 

Moric  .icid .<7  -S 

Water 1(11)0  c.c. 

I'ot.il  o.ith 4  litres. 

This  solution  is  not  iiiMrK'  saturated  in  coh.ilt  siilph.ite. 

Data  of  Platinti  Experiments,  Solution  XIII  \. 

I    ,,.!       {>!■:!     .. 
(    nil.  Ill 

D.il,          li.n-u.    ni  l-l.ctl.i  II. In. ill-  (.iHim.Ii-  I)MlMli..tl 

ot  lA           .iiii;>iri>  iiii.iiM-  cii^l.iii'i-  .iiiM  hi  lit                (  li.ir.ii  I'T   .'(    I'l.itr   .mil   iclinrks. 

iwpiii.tit .       i.iT  -1.  ioi.i-            III  , ins,  .ii).  .III-*.  iil.itini;. 

■  Ic.  intitri".  in  v.illi. 

I'JIl  lii.i-^ 

liiK    111  II   711  1    5(1  -'.i  i;    I  I        ill       I'l.r.     iilliit    il.iik    .11    i.nii.v.-.l    fi.iiii 

li.ir         U.-.|iin,.l    lull     lillli-    liiilVim; 
In    Imii  I    i.ili-t.ii  t.iliK  .    i;liMll\     rr- 
r.T.iss  s.  iiiMtil   \i  in  ..ill, 111 , 

l-iiv  10  II  ;ii  1  511  M  i;  I  I      III  s,uiu' 

lll;i" 
lulv    I"  11  '17  .'II  15  C    1  _'         II       l)i|»..it     l.uilv    iiiiiiiilh    .111.1    iinil..iin 

111. IS-  Inn  il.iik. 

Inlv  11  I   II  IS  111  17    1  2         1)  S.1111I. 

Hi.i" 
Jlh    11  I    II  1    N.  15  .17    I  1  II       I....1.I  -111....1I1.  iniifiilln  lilii;lil   .l.-pi.-il, 

l.m    siiiiifw ii.it    'Irr.ikfii    tin    iippi  r 
Hi, I  li.ill  1.1  |.l,il.-, 

Jiil\    11  I   11  1    15  ill  ,i7    :  1        til       I'l,ii.'    v.Tv    sinci.lli    ,iiiil    I'liifiirni    i.ii 

l.m.r    li.,!l     l.iit    l.,i.ll>     !-li..:ki-.l    in 
llriiss  i]|ip  I  J... It  i..ii, 

llll^    II  1   11  1    S5  15  ,17    I  I  (1  .saiii,- 

Uniss 
■  ■%    II  1   II  17  n  .17    I  1  II      Snlmiiiii      w.is      -litii-d      ci.niiniiiMi-ly 

by      titltihliiiL:      ,iir      tlir..Uk;li      litMl 

(.illni.1.-.      PI. Ill-    lirii;llt.T    nil. I    liiorr 

••I'-lLiiii'"     Mvikiii-K     itinn     lirt      iiiiir, 

lll,i«  lint  I..11IIV    split  nnil  piTl.il, 

ilv  15  I   II  ,        I   '1  I J  17    I  II        1.5       I'l.iii-   vitv    |,i...r  U-inn  il.irk   iitri-aknl 

i  .mil  |..-ilinc. 


5t 


SOI.LTION  Mil  H. 


Culi.ili  siilpluiif  ("((SO, 

S(Mliiim  cliloridi-  N.iCl 

Huric  aiiii    

W.ii.i- 

Tolal  li.itli  ai)pn>\iinat(ly 


.^I  2-5  j;rams. 

luarlv  to  salnratidii. 
KlOU  c.r. 
r,  liliv-,. 


'I"lii>  soliitinii  i>  >iil)slamiall\  saturatid  in  coliall  ^ulpli.ili-  in  tlu-  piis- 
cnct-  of  till'  oiliiT  coiniioiiciils.  Its  >|)tiitic  ^n>\il\  .it  15'C  is  ajiprnxi- 
niatdy  1-24. 

Data  of  Plating  Experiments  Solution,  XIII  B. 


D.il.- 

l.f   .A- 

IM'riiiiiiit . 


(Vt.     .' 


(  inirlll 

.l.-ii^il\  in  Mr.iro- 

aiiiltrt-^  niulivr 

(11-.  ilHi-ll.'.  Ill   VclltS 


O  Ml  t  Ui 


S.iiiii' 
US 


Mir,  in 
.li-t,in 
in  (in 


ii.  t. 

* 

•  u 

I    vt 

n.  t. 

=i 

I    _'S 

1  :> 

<Vt. 

ft 

1  >n 

1  .'^ 

(Vt. 

u 

5    \(t 

5    5 

t>.t. 

u 

f,  {) 

(>,t. 

l<> 

u   \> 

(>  11 

\ltiT 

Si\ 

lie 

iii;i 

mi: 

U-< 

<U-s- 

i-ri 

...1 

I..-I 

IW. 

( ),  1. 

s 

S    1) 

-(    Hi 

Oit. 

•) 

,s  u 

U    1) 

.!,■       (.it!i«l.'       Diir.uinii 

■(•  ,UiM     11  'It 

t.  .-1.  11   s.         pl.itiiij;. 


t  li.il.utiT  ot    I'l.itr  anil  l.-lnallkS 


111 
III 

111 
III 
III 

10 
III 


S.llll' 
III 


Hr.is- 
<<  (1 


r.i..«s 

i2   II 


llr.i^s 
,U  11 


.!.'  II 


Kr.is 


Uniss 
.'i    7 

llt.i-s 


III. I 

i: 

ll.UI 

Jll  II 


O.  ..  Ill 
111.  I 
^i-\  ■■II- 


,t  II       1  nitiirm     imiicIi     il.illi     pl.ttr.      Illlliu-- 

-ihli-  111  iiolivh  uitlumt  crni.liiii:. 

I  (11  Sniiiiilli.  iniili'iin  aii-y  plal.-.  wiiili 
liiilliii  In  .iali>l.ii  l»ir\  lini>li  vvitli 
illtll.lllU. 

I  II       rniliinii.   il.iik   tii-v    c!ri.o>it.   .Iilliiiilt 

111  liiill. 
S.iiiii'  Same 

.Saiiu-  rnitiiini  snnmtli  L:rr\-  pl.ito.  wliii-ti 
tintlfii  Mihn-wlial  imiri  M.nliU'  ti.,iii 
ITritilil'L;    pl.itr-   with    l!ll~   Mjlntloll. 

II  -;il        (ioiii!.    -lll.intll.     wlnlr    .ii-i--il.    wlii-ll 

hii'lnt  ri  aiii!\    III  niiiiiil   ■^iiiLui^, 

II  111  I'.iiiid.  -niiiiilli.  wliili'  ili'i'ii-il.  Inilii'il 
I. .I. Ill',    ill    11, mill    -■.ll.lir. 


1.1  Same 

III  (.null  SIIH'iilh.  whiUi  ilffiKil,  uliiili 
blllliil  irailih  In  ininiir  siittaii- 
'I'liis  iil.iu-  was  uivrii  a  Mivirt- 
iH'iiiliiii;  li-^I,  lii'iin;  iliiiilili-il  nil  il- 
>r\i  t..i,  Ivwar,!-  .111,1  t'.irw.iiils  tn  an 
aiiiil,'  111  IMl  ili-ciii  -  rill'  inil.il 
tiirri.w'l  .111.1  -l.lil  .III  --iitlaii-  aiiit 
Mill,  I, 111  ;.LUi^  .linn;  .ili-nliiti-h  . 


I, .111.1.    -111,... til.    whilf    .|i-i.n-il.    wlllill 
l.ill'r.l  L.t'tiK   I.I  nnlM.r  -itt.u-r^ 


, I      -11  ...ili,    wiiil..    .l.'l'.wit.    wlii.  il 

l,ilt!r.|    I-  ■i.lil\     t..    linii.'i    .;iill.i,r. 


tr-t 
(  >,  I  .  S 
(Kl.  15 
O,  I .      V 


'17  7 
III  7 
111  11 
II   (I 


111 

.' '  ^ 

III 

1     SI 

III 
III 

17    II 
Hi.i- 
1  1    7 

III 

!!!a- 
111 

Hv<i  'l.-iM.>-t  i«l>t.ii!U-.l  witli  Mii^ 
suliMion  lo  ii;iti'.  .ihh<>iii:li  .ill 
pKitf'*   at    tiirri'iu    ilcnsiiiis   Imm    f> 

.iniiM-ri'-j    MM    utTC    i'imhI, 
(uHtil.     -ino-n'tl     Wtntf    ili-iM^^t.     l.M.lilV 

ImtitMi  u*  mirmr  ^urtiui-.      I- M  i-iU-iu 
|il.tt(\ 


(Vt.     <• 
Lkt.  <>-^ 


n-5 

5  .<5 


fi  ■  KS 
6  0 


III 
in 
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i'oHliHUrif 

Ilrass 
III  <> 

Brass 

u  n        IS 


0 


5  Snnip 

H  I'irni.  ;ulliiri-nt.  massive  plali-.  stuw- 
iuK  no  tt-nili-iicy  to  split  '",'"''• 
SiniKiili  in  ci-ntr.-.  with  mwlnlfs  at 
i-di;.'-.  Wiiuht  apiiroxiliiatilv  '7 
Brains,  thiikm-ss  approxmiat- ly  1 
mm. 


The  area  of  tli^-rt.ctive  ca.lu.le  ,,;o,.as..,l  from  ^^^^^^;;:i  t^^Zt^'l^'n^  ■;^'i;;:ue";o'2: 

il^t'^i';^x^nj;^m:u";!."U^.:^"fi«.-I;'slr.n^.e,.era,    wa,     .l.a.    ■ nrren.    ,■„.- 

ciency  was  very  liiuli. 

17  t(l  Firm,  adherent,  massive  I'latc  show- 
inn  •  tendency  to  split  or  curl. 
Weight  ahout  .111  trams. 


Oct.  1.1 


S-i 


lirass 
ID  II 


6  1) 


II) 


Itr.is-. 

ciri  ular 

IS   •> 


I)      I-irni.   adherent,    massive   platr   sliowj- 
;     inc   no   tendency   to   s|ilil   or   curl; 
1  !     about  ^  ninis.  thick. 

frofrrly  nt  Ihi^  m^uIkih. 


<>  0 


,1   77 


.S.S 


II) 


III 


Hrass 
IS  .1 


Hrass 
Hlork 
Ml  I 

total 
surface 


Cooil.  smooth.  nnif<irm  white  ilelKisit. 
Ml  uriK)ves  satisfaclorih  covered, 
and  siilisfaclorily  hiilfe.1  to  mirror 
finish. 


Same 


"«^— dW^^lrf-^^^-""-^""'^  " 


I 


.s.,'; 


Brass 
Hloi  k 
in  Ml  1 

tot.ll 

surface  n       20 

Same  rema  rk  as  previ  mis  i>late. 


Same 


Further  Data  of  Plating  Experiments  with  Cobalt  Solution  XIII  B. 

Experiments  at  Rmsel  Motor  Car  Company  Plathr-  Plant. 


Sohitinn:  - 

WaiiT     45  gals. 
NaCl— l.VJ  ozs. 


Horic  acid'  --^  lt>s. 
Cohalt-Sulphatf  cr\t-ials 
26  lbs.,  lOj  uzs. 


Aculitv— strongly  .uid. 
Sp.  ( Ir.— 2.S  •  5  Br. 

Tfiiipcraturc  64. 


Dale 

of  e.v- 

perinielU 


Nov.  2 


Nov.  i 


(.  urrent 
density  in  . 

amperes 

IHT  sq. 

decimetre. 


J  2 


ivlectro- 

motive 

force 

in  volts. 


Klectrwle  Cathode 
distance  area  m 
in  ins.  Sii.  ins. 


Bras- 
12 


.1  .1 

a- Mend 


Ste.l 


Brass 
42   S 


Duration 

of 
platiily. 


lir.    nun. 
II         S 


I  haracter   of   plate  and    remarks 


Smc«>lli.  hard,  firm  l.late.  very  ad- 
hi-riMif  -100.1  hendim;  test  ami 
tvvisnm;.  Bulled  on  12"  cotton 
hull  «he.l  at  .KilKI  K.l'.M.  "K'l 
pressuie  approMUialeh 


as  lor 
hiavy    nickil    phite.      N..    evidence 


otciiltim:throiii!li;  spleiidi.l  lesnlts. 

Mottled  hiirm  delH>sit.  impossilile  to 
huh  or  l«ilish  to  a  satislaitnrv  sur- 
face, slilution  full  "I  tloaluiK 
liiirtichs  ol  iKiric  acul. 

Motllcl  cloiidv  plate  al  .ilttes.  centre 
,u,if  hnlhaiu.  l.iil  ilitlicult  to 
colour.     IVK>r  plate. 


Hi 

Continuei 

Currt'iit 

Datf 

(ii'iisily  ill 

Kli'itro- 

Elfi 

troilc 

t'mhoili: 

1)1 

I.IIIMII 

of  ex- 

miilKTi-s 

motivL' 

ili.stancc 

an-a  in 

ol 

(  h.iraitiT  of  plali'  ami  rt-iiiarks. 

perimt'iu. 

IKT   «|. 

ftini' 

in  iiidifs. 

-"1.  iiu-hf.i. 

pl 

ttinu. 

tifciniftre. 

ill  volt:*. 

Mra«^ 

Hull  (all 

Nov.  :• 

3  5 

5 

5 

70 
llras< 

0 

1(1 

\'iTy  hi>av\-.  ilirtv'  cny  plate,  flakeil 
■  in  -i.i.>.  Iiiiint  at  r.|.i;i'S,  roiiiili  anil 
iliipdssil.I.-     til    lojiiiir.      In.iiiiu  wvll 
Lovi.-ticl    UT  iIli-pi. 

Nov.  ft 

'10 

4 

5 

1.' 

II 

> 

i;tiv.  atnakiil. 

Nov.  (1 

IJ  (1 

U 

5 

1-' 
Hla^s 

11 

? 

Wliiier.  U-ttiT  than  last  ti'st. 

Nov.  ft 

l.i    1 

4-.S 

i 

5 

4 

0 

J 

V\liite    touijli    p'atc    at    cciitn-,    v.lyes 
hailly  Iniint. 

Nov.  6 

2I'4 

b 

5 

I  opinr 

4 

0 

~ 

K.xrcMi-.t    ili'iKisit    1.1    Boi"!    tliitklirs<. 
ii'i...Ts  t  lackfil  i.iiK-  slintitl>'.     Of- 
IKi*it  loiilil  lif  p. It  with  lini:iT  nail; 
liillli<l  t'l  mioil  iiihmr.    Uiil  nut  crack 
wlirii  ticnt  doulilf. 

Nov.  6 

20  (1 

6-.S 

5 

fill. PIT 

4 

t'olipcr 

0 

2 

Same 

Nov.  9 

6M 

4  5 

5 

Cor- 

ruKali-<l 

Stcil 

0 

\-^ 

Smooth,   li.inl.  whii...   a.|li.-ii-nt  plate. 
Hillficl   to  Koiiil   li[ii,h. 

Nov.  11 

»-3 

4 

5 

<)   5 
Tliifk  Sli-di 

0 

10 

Bc.^t  plap'  ihu.s  t.ir.     IliitTi-il  to  niirnir 
finish  over  cMitiic  aiirt.iif.     Ui-rin-st 
Kroovcs  in  koimI  coiuiitiuii. 

Nov.  11 

4    > 

.15 

5 

in        ' 
Hrass 

0 

.5(1 

.XpiMMP-'l    -.iti^tactury   when    removed 
Iriini     li.ith,    hat    scaled    at    centre 
wiu-ii  dipiK'd  in  hot  water. 

Nov.  IJ 

XI, 

1) 

5 

1(1  5 

0 

1 

Smooth,    iinifiirni.    white    tilate    with- 

Nov.  I J  so 


Bran-* 

Huh  (  ap 

45 


V-rfiiruii-'l 
Hrass 


stmicl  liarti  Imttinti.     t'4>IourtM|  easily 
U»  tnirriir  tiiiiwh, 


1       SnuMith.     whitr    platf,     hutTf.!     to 
crllcut     tini'li.     No    fvidt'iuf    ol 


Beautiful  n-sults;    hiuli  aiul  low  spots 
lu-rtrct. 


Nov.  1i  V)  A 

Nov.  M  g   7 

Nov.  \1  in  7 

Nov.  17  U>  s 


Nov.  17 


Nov.  17 

10  4 

Same 

Nov.  17 

2(1  4 

.s,inie 

Nov.  i;  Ui-il  Same 


Same  0 


Cast  Iron 

l.s  0 


l*!mi>ossi'd 

Ura« 

5 

12 

(i  of  same 

0 

1 

5 

Hrass 

11 

1 

5 

2.5 

i'olish.Hl 
Lead 

0 

12 

0 

Cleanid  tin-  pi.-n-  jii-;t  pl.iit-.l  .ind 
plairii  cm  thr  first  .I'M>.,-it  uillioiit 
HtrippiriM.  \<i  in<h.alion  ..t"  trimble 
troiii  t  hw  •ioiirrr. 

SjiU-miii!  pi.il<',  .■il,.iirr,l  \>\  riil'tiiiii; 
uith  llaiiMil  ilnth,  .ilttTUiird-i  -itMul 
>t\i-ri'  hnitmu  t<>l. 

Diiil.  mii'Iiis  .  .ilnin  uhi-n  ri-iiiovtvl 
trom  h.iili.  hutfril  rrailiK  to  ^;oocl 
lii-^trr.  Hai  kuroilinl  no;  a-  \\\\\Xi'  as 
ulicn  'ii'.ilifr  v<(ltaKi'  v^.i'  iiMii. 

liiiriiislird  tltf  pirn-  uitli  K«)  ihs, 
sli'fl  balls  for  I.S  tuiiiiiti'-!.  \nvv\. 
(iuirii.  No  f\i(U'nii'  ol'  wcarinR 
tliroui.;h  ('I'posit.  I'Lui'l  tin-  lasl- 
itifi  in  an.lulatril  watrr  iI5  to  I) 
for  -U.  li(nir<.  v\ip.-.i  <lry.  No 
cvideiuf  ot  (li'iriiivr  matiin;,  ca.st- 
ini;  rfiiiaiiH-'l  in  mmil  i  unilitinu. 

HutJcl  on  nr  will-.'  at  Mjny\  \<V.\\  . 
t-ACfllfiit  tiiii-li.  Dill  iV'i  y  III  tliroiijjii 
Irttcr-  oi    ralsi'il  p.irts. 

Kxc.Ilfiit  pl.it.-. 

SpIrn-li.I  plat.-:  lianl  vt-t  pliable. 
i'la[.-l  _'iK)  -tt  ilitM-  pi.-, OS  in  s.ime 
inaniuT.  in   I  ilo/.  Uit-i. 


.\ii:i.  n  :ii     i.;..:. .    li.u>I.  .>ii.i.oiI.    and 

H.Hni      i..l..iir.      buttfi!  r.M.iily.     Did 

not    Ijtrak  w!i(Mi  Itcnt.  Cut   Iiad  in 

pifn  s  Aithoiit  s^almti  ilfiKJsit. 
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CinitinW'l 


l>f  cx- 

IK-ritiii'tit. 


Nov.  I 'I 
Nov.  I'' 


Nov.  W 
Nov.  Jll 


Nov.  i.f 


t  iin.iil 

»lfIlHU\    III 

ailllRTl'S 

IKT  S.|, 

ilr.  iini'tTi-, 


Ni)V.  H 

Nov.  .'I 


17    II 
17  IP 


.M    1 
Id  S 


i:ic-.:trn- 

inotivi- 

Irint' 

III  \otts. 


KI,Mro.li' 

.ll.l.llH-.- 

Ill  iiuh<-i 


(  .illi.xli'       Diir.ilii 

ami  ill  ol 

«1.  iiiclii"*        i.I.itiiu 


(  h.iniil'T  of  iiliUi-  ami  rciiiarks. 


Hnlalinia 
M.lal 


Slr.l    Sk.ll.- 

Itl.irli' 

M     ( 

(irriiiall 

.■~ilv,T 

III 

Till 

|i 


Hr.i-  Hill. 

t  .i|. 

45 


111 

Hras.^ 


Sli-rl    TuIk- 
l.>< 


SilvtT 

facivl 

Uril.iniiia 

M.-lal 


(14  "l-  III. 


I    .1>" 

Hrasi 

4 

Hra»..i 
M 


llra-is 
4 


0         .S      \'ltv  satisfuL-tory  [ilatf.  aillu-n-nt  am! 
wliitf. 


5       Not   a-i   wliili'    ,11   ili-jr.-il.    I..1I    otlier- 
wi-M'  vi-ry  Koixl  I'lati  . 


i;\alli;nt  plan-. 

This  (IciKJsit  stoo<l  every  roiircivabli' 
al)i]!«'.  ami  was  easily  inlouri-'i  on 
Kiiiall  liilll. 


J  Huflitl  to  a  beautiful  finisli.  Ki  MUire'l 
very  s*'vere  hiittiiii:  on  wtieil  rr- 
volvinu  at  l.VH)  R.l'.M.  t"  <  iit 
ttiruui:lr,  apparently  e.itial  to  a  1 
hour  nickel  jeliosit. 

'  ^    dated    UK)  pieces,   and   luiffed    them 
,         re.idy  for  stiKk  in  1  hour. 


1;  Urew  tillie  from  I"  10  !'.  huffed  Siinie 
and  found  jierfect.  then  drew  tube 
to  i'  butfed  anain  and  still  iM-rfect. 


riie  die  was  merely  washed  with 
aholiol,  rinsed  in  water  and  placeil 
ill  cobalt  bath.  .\  current  of  1.S 
aniiK'res  was  passed  through  the 
bath  for  111  liiiniites.  while  the 
catluHh"  was  kept  constantly  niov- 
iiili.  Ciirrenl  then  reduced  to  0 
ainpelesand  cathoileclosily  watcheil 
duriim    the    followinu    hour.      Math 

'  switched  to  battery  circuit  and 
allowed  to  remain  iindisturl>t.d 
durinu  the  niulit.  Resiiltii'i;  de- 
IKisit  was  ipiite  smooth  at  -i.  ■■- 
edjies  roimh  but  solid:  face  of  oie 
in  tine  condition.  The  finest  hues 
perfect.  The  detK.sit  did  not  1  nil  or 
lift  from  the  master  die  dininii  run. 
Deriosit  alioiit  ,'..'.  ICxtraordinarv 
results  for  die  work. 


Splendid  plate,  heaiiliful  lol.iui  after 
bulVinn. 

'■inn.  touith.  adherent  plate,  white  in 
colour.  iK'uan  to  darken  at  edites. 
oiled  off  edues  with  emery,  then 
buffed  entire  surfacre  to  splendid 
linish. 

.Vlherent.  white  smooth  plate,  buffed 
very  easily  to  uood  ruiisli. 


NoTt— To  transform  anil»-'cs  iht  sijuare  decimetre  to  amperes  per  s.iuare 


fool,  multiply  by  o-  t. 
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Ageing  Test,  Solution  XIII  B. 

( iraiiis 
cobalt 
per  100  c.c.       Acidilx  of  solution. 
Solution. 
Solution  after  plritin^  as  shown  in  ahovo 
tal)K'  to  Oct.  (),  1014,  approxiinatf- 

1\'  2  hours cS-5.S       Strongly  acid  to  litmus. 

Solution  ,iftcr  further  run  l.i  hours,  15 
niiiuitcs  depositing'  ai)i)r()xiinati'ly 
M-U  grams  at  current  density 
5-.VS  amj)eres  [KT  s(iuare  decinieire 

Oct.   7 8-40       Same 

Solution  after  17-5  hours  further  plat- 
inj.,  dejiositinK  ahout  M)  grams  at 
current  densit\'  of  10 -5  amperes 
per  sfiuare  decimetre  Oct.  8 8-20       Strongly  acid  to  litmus. 

Oct.  8.  .After  all  the  alnne,  a  g(Kxl  smooth,  white  plate  was  ob- 
tained at  15-4  amperes  per  square  decimetre  in  5  minutes,  which  bttt'fed 
readily  to  mirror  surfai'e. 

Solution  after  15  hours  further  plating 
at  11  amperes  per  squari;  decimetre 
depositing  appro.xiinalely  40  grams 
Oct.  9 8-,^0       Strongly  acid   to  litmus. 

Solution  after  \<i  hours  further  i)lating 
at  5-0  amperes  j)er  s((uare  deci- 
metre Oct.  10 7  95       Same. 

Solution  after  67  hours  further  plating 
at  5-2()  amperes  per  square  deci- 
metre ( )ct.  l.< 7-59       Same. 

Oct.  l.V  .After  all  the  above  a  g(Kxl,  smiKHh,  white  plate  was 
obtained  at  16-5  .imperes  per  square  decimetre  in  5  minutes,  which  bulled 
readily  to  mirror  surface. 

These  ageing  tests  were  run  at  very  severe  ancHle  current  densities, 
so  that  the  soltttion  behaxed  remarkably  well  under  the  circumstances. 

Current  Efficiency  Test,  Solution  XIII  B. 

Run   I. 

Current  deiisit\  npprox 1    '    imp.  per  m\.  dec. 

Cathcxle     brass  polislied  both  sides     area .?5       -i|.  cms. 

Time  of  run 1  i      0  min. 

Average  current  through  bath 0-4j5  .imp. 

Theoretical  weight  of  cobalt  deposited 0-478      grams. 

Weight  of  catluxle  before  plating .?0-9971 

Weight  of  cathcKle  after  i>lating 31-4783       " 

Cobalt  deposited 0-4812       " 

0-4X1 

CURRENT  EFFICIENCV =     100-0% 

0-478 
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Klin   II. 

(iirnnt  density  approx 1  •()  ami),  per  s<i.  die. 

CatlKHle-   brass  polishfd  Wolh  sides-  art'a .U-4  st).  cms. 

Tinuofrun 1  lir.  ((  min. 

AviTa^i- mrrriil  ilirouuli  i)atii  ..        ()-.?24  amp. 

Tluorilical  \\v\^\n  of  lobalt  dqMisilfd (l-.^.Sf)    grains. 

WVinht  f)f  catlKHh'  livfore  plating H-22()2 

\\Vi>;ht  of  cathode- after  plating  2.V5S25       " 

(■ol)alt  dciM)sitc<l ()-,?.S(>.? 

()-.<5() 
(  IRRKN  r  KFKICIKNCV  =      lOOO', 

(I  •.<.>() 

KlIH    III. 

Current  density  approx ?<»  amp.  per  sij.  dec. 

C'atlKHle     brass  polished  both  sides     area IS- 2  s(|.  cms. 

Time  of  rim 1  '"■  <•  '"'"• 

Average  current  through  batli  i)-^>22  amp. 

Theoretical  weiuhl  of  cobalt  deposited 1  •<M2     grams. 

Weight  of  cathiMle  before  plating  27-'K)2K 

Weight  of  catlKKle  after  plating  28-<>72f)       " 

Cobalt  deiM)sited 1-(XW 

1(«W 
CLRRKNT  I  FFK  lENCY  =     W-d 

1()12 

SOLUTION  XIII  C. 

Nickd  sulphate  NiSO, .?12-5 

SiMtium  chloride  NaCl 1"'') 

Boric  acid  H3BO3 nearly  to  s;tturation 

Water 10(10  c.c. 

This  bath  is  the  nickel  analogue  of  XI I!  B. 

Data  of  Plating  Experiments,  Solution  XI 11  C. 

Currfiu                            I                                        ,          ,           . 
IV.if        .li'usilv  111       Kk.trci-    i  l-l'Ttfo'l"'      ratluxl.-       DiiMU.m  

liiriuii-nl.       iHT  si|.  liir..-  in  mis.  m|.  .nis.         lil.itini;. 

lU-ciiiiflrf.      in  volts.    !  _^ 

.—  . 

I  Hrass 

ft.,    1=  ,  „^  5.t  '  111  ,i.l  ,K  II       id      Ciooil.  snioiilli.  unifiinii  ili-liisit.  m-arly 

^    '■  polishtd  as  ri'iiiov.-il  It. .in    oliuuiii. 

Hrass 
,,,.,    ,5  5.,)  I   ;  III  i;   ,S  0        l.S       Siii.H.th.  wliil.'  pl.it.-,   iMit   .plillini!  at 

Hras- 
0.1    15  ;    7(1  H»  li  5  (I        10  Saim- 


:>i 


CONCI-USIONS 

1 1 1  Thc'cxlrcnu'  iiiiportanci-of  ()r<)pcT  coiu'cntr.iiiuii  of  coImIi  M^pliate 
solutions  i>  sliowii  li\-  till-  nsulis  of  this  srrii's.  Soiuiioii  XIII  A  is  ims.itis- 
faclory  for  pl.itiiii^  pnrposi's  ai  all  ciirri'tit  dnisitii's  trii'd.  Solution  XIM  H, 
which  is  a  more  concentrated  solution  of  the  same  ly|)e.  is  the  most  com- 
pletely satisfa<-tor\-  solution,  for  a  ^rcat  \.iritt\-  of  purpose>,  wliicli  we 
have  found.  We  know  of  no  solution,  plating  wi'h  nickel,  wl.ich  liet;ins 
to  compare  with  solution  XIII  M  for  the  r.iUKi'  i>l  work  which  it  will  do, 
and  for  the  extreme  hi^h  current  densities  at  which  it  will  operate.  It  is 
possibh-  to  net  a  pl.ite  in  h\e  minuli's  or  less,  with  solution  XIII  li  which 
will  stand  hendin^  tests,  and  which  will  luilf  as  sati>facioriK-  as  a  plate 
which  has  taken  one  hour  from  the  usual  nicki'l  plaiin^  liaths. 

(2)  ("olialt  plates  from  this  simi)le  cobalt  siilph.ite  solution  in  thi? 
presence  of  SI Kliinn  chloride  and  horic  .icid,  solution  XIII  B,  on  liia>s  and 
iron,  are  lirm.  .idherent,  hard  .ind  uniform,  and  may  readih'  lie  ImlTed  to  a 
satisfactorily  finished  surface.  They  l.iki'  .i  \ery  hinh  |ioli>h,  with  a 
beautiful  lustre,  which.  althi>UKh  brilliantly  while,  jxissom's  .i  slightly 
bluish  cast. 

(,?)  The  specific  electrical  conduciiv  it\-  ot  solution  XIII  IJ  is  much 
higher  than  that  of  the  corresixindinn  nickel  solution. 

(4)  Solution  XIII  B  does  not  >  ield  the  best  cob.ill  pl.ites  at  low 
current  densities,  that  is,  in  the  neinhbourhiMHl  of  050  to  1-0  amperes 
per  square  decimetri",  which  is  a  conmicm  ran^e  for  nickel  plating  work. 
Solution  XIII  H  bes;ins  lo  plate  most  satisf.ictorily  at  a  current  density 
in  the  nei^dibourhood  of  ,<-,S  amju'res  per  s(|iiare  decinteire,  and  continues 
to  j;ive  satisfactor\'  i)l,ites  at  all  current  densuie>  I'p  to  1  •  7.S  amperes  jut 
sfjuare  decimetre.  This  is  e(iui\alent  to  a  current  densit>-  of  more  ih.m  160 
amperes  per  s(|uare  foot,  and  vwn  at  this  s|)ee(l,  the  limit  of  the  solulion 
has  not  vt't  been  reached.  Later  I'ommercial  tests  (st'i'  p.  ()())  show  lh.it  evi'n 
higher  speeds  than  this  ina\-  be  I'lnploved.  under  tin-  coTiditious  of  pl.ilinii; 
practice. 

(.s)  All  of  these  cobalt  pi. ili's  within  the  wide  ciirrt  tii  density  raiiKe 
descrilu'd  as  s,itisfactor\'  for  solution  XIII  B,  are  ,is  smooth,  .idhesi\e  and 
generally  satisfactory  as  the  best  nickel  plates. 

(6)  Solution  XIII  B  d(K's  not  chaniji-  .ippreciably  in  cobalt  content 
or  in  aiidity  when  used  o\er  loni;  periixls  of  time  at  current  densities  as 
high  as  1  ampere  per  scjuare  decimetre.  It  oiiK'  showed  a  \i'ry  ^radu.il 
diminution  in  cobalt  content  under  tlu'  most  >e\i'rt'  conditions  of  the  aKciiiL 
test  describeil  abo\t'.  We  know  of  no  oilier  cobalt  solulion  .uid  of  no 
nickel  solution  which  woald  bei^in  to  stand  up  under  the  conditions  of  this 
ajieini;  test. 

i7i  There  is  no  nickel  bath  of  which  we  are  aware  oper.uini;  in  the 
manner  of  ihe  usual  commercial  pl.itinv;  procedure  at  an\  ihini;  like  ,i>  liinh 
current  density  as  solution  XIII  B.       See  commerci.il  tests  p.  .s2. 

(Si  Solution  XIII  B  ni.i\'  be  usi'il  for  pl.it ini.i  on  br.iss.  iron  .ind  steel, 
for  which  cathodes  liie  .liioxi'  conclusions  .ipply. 

•)i  Solulion  XIII  B  iiKiv  \iv  Used  to  deposit  a  he.i\\'  col),ilt  pl.ite. 
These  pl.ites  m.i\  a])p.irrnll\'  be  (k'|)osiled  to  .in\-  desired  thickness,  and 
tluA  are  linn,  .idherent,  m.issixe,  of  exlri'mi'  h.irdiuss  .iiid  show  no  tendency 
lo  curl  or  split. 

illli  I Ie.i\v  pl.ites  in. ly  be  obi. lined  from  solulion  XIII  B  lo  much 
belter  advantaj;e  than  solution  X\',  which  has  been  parlicularK-  p.iteiiled 


tor  (he  jdsrpose  with  nii-ki 


ha!   is  heavy  deposits  may 


)!>!. 


lined  from 


solution  XIII  B  at  current  densities  of  .S  or  0  amperes  per  sipiari"  decimetre 
whereas  solution  X\'  must  be  operated  at  low  current  densities  in  the  neiKh- 
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binirlKKKl  of  (»•.?(»  ampins  \ht  s(|iiari'  (kcinuiri-.  If  a  nirniit  dinsity  of 
alK>vi6aiu|HTis  |Hr  s(|iiarf  drciimtri'  is  iisid  willi  soliiliim  XllI  H  for  luavy 
<lt|M)sits,  iimlrr  tiif  ciiiKlilioiis  in  iliiiuiisioii  of  our  li.iliis,  it  was  foiiiul  that 
trors  wiTi- foiintf!  on  llic  laliHMJf. 

illi  Our  ixpiTiiiu'iits  show  lh.it  sohilion  XllI  11  "throws"  vrry 
satisfartoril\'. 

i12i  Amoiiy  thr  satisfartory  propcrtiis  of  this  ri'iuarlcalilf  sohition 
shoiilil  i)r  nuiilioiifil  an  ixtriiiuly  hi^h  iiirniit  i-lVn  ifiuy,  wliirh 
wi'  foimil  al  1  ■()  anil  5  (I  ampins  pir  sipiari-  ilii  imitrr,  to  l)f  ahiiost  100 
per  rriit. 

il,<)  Sohilion  XllI  C,  which  is  thr  iiickrl  aiialoKiH'  ot  solution 
XllI  M  vit'idiil  satisfartory  platts  up  to  almut  5  ampins  per  si|iiari'  iki  i- 
nifirr,  l)Ut  showi'd  splittiiin  at  rurrrnt  densities  greater  than  tiiat.  Nirki-1 
solution  XllI  (■  dcK's  not  possess  the  remarkaliie  ipiahties  of  its  rol)alt 
analogue  XllI  M,  although  in  many  respeits  it  is  an  im|)rovemenl  on  slaiiil- 
ard  nickel  solutions. 

(14i  Solution  XllI  H  reipiires  very  little  aKi-inn;  it  operates  satis- 
factorily almost  from  the  start. 

il.V,  Solution  XllI  H  is  so  remarkable  in  its  properties  that  it  was 
thouuhl  hiuhly  worth  while  to  develop  it  further  under  commercial  con- 
ditions.    See  commercial  tests  pp.  S2-A,  and  65-67. 

Si:kii;s   14:    Cdh.m.t-Si  i.i'iiatk,  Am.monu  m-Si  i.ni.\ri;,    M.\(;\i;sn  m 
St  i.FiiATi;,  lioRic  Acid  Solitions. 

SOLUTION  XIV. 

(■ol),dl  sulphate  ("oSO,.  .^■•.Surams. 

.Ammonium  sulphate  (Nlli)S()|  21-7 

Magnesium  sulphate  Mk  SO, -^-^ 

Boric  acid  H,  \Hh 'M     " 

Water 10(K)  c.c. 

Total  hath -^-^  litres. 

Data  of  Plating  Experiments,  Solution  XIV. 
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Current  Efficiency  Test,  Solution  XIV. 


Run   I. 
Curniii  <U-nsity  approx 
("atlKKlf     l)ra>s  polislu'il  liulli  ?,i(li>     ■m-.i 

Tinu'  of  run 

.•\\iT.i^;i-  iiirrfnt  lliroiiuli  l)atli 

Tl)fi>rrliral  \vi'i>;lil  of  coliall  depo^itt'd 

WriKhl  of  catlKxlc  licfort-  plating              .  .  . 
WVinht  of  catlKKlf  afliT  plaliiin 


1  ■()  amp.  ptr  m|.  <ltr. 
51  ■()  ><\.  I'm-.. 

t  lir.  I)  mill. 

(t  5I,<  amp. 

0-,S(i4    );r.iiiis. 
01    SOP) 


Cohali  (lipo>in(l (I-.>4.S4 

((•.S4S 
CURRKNT  i:iF!(  1K\(  V  =     •»:.", 

()5()4 

Run   11. 

f'urri-nl  density  ai)prox 1  •()  amp.  iiir  s(|.  dec. 

CaihiHlf  -brass  |K)lishe<i  lM>ih  sidrs 40()  m\.  cms. 

Tinu'  of  run 1  hr.  0  min. 

Avirane  curri'iil  llirounh  bath (I -402  amp. 

Theoretical  wiinlit  of  cobalt  defwsited 0-442    uranis. 

Weight  of  cathcKle  bcf()re  plating .S7-64<M        " 

Weiuhl  of  cathode  after  platini; 58-(l74()       " 

Cobalt  deposited 0-42.'>5 

0-426 

CURRKNT  KIT-I(IKN(  V     =     %  .V , 

0-442 

CdNCI.l  SIGNS. 


(1;  Cobalt  plates  from  solution  XIV,  on  brass  an<l  iron,  arc  firm, 
adherent,  hard  and  uniform,  anil  nia\-  readilv'  be  liulTed  to  a  salisfaclory 
mirror  surface.  They  lake  a  very  hi^h  iwlish  with  a  iieautiftil  Uislri', 
which,  although  l)riliiantly  wliite,  iM)ssesses  a  slifjhtly  bluisii  cast. 

(2i  Solution  .\I\'  \ielils  satisfactory  j)lates  at  all  current  di-nsities 
up  to  about  ,^  amperes  per  s(|uare  decimetre. 

(.<!  The  current  ethciency  of  solution  Xi\"  is  s.itisl.ictorily  liiuh, 
beiiiK  in  the  neijjhbourhood  of  96  to  97  per  cent  under  tin-  conditions  of  our 
experiments. 

i4i  .All  of  the  cobalt  i)lates  from  solution  XI\'  within  the  current 
density'  ran^e  di'scribi-d  as  s,itisf.ictor\',  are  .•  s  smiKnli,  adiu-sive  and  t;ener- 
ally  satisfactory  a>  the  best  nicki'l  plates. 


Skriks  15:    CoH.MT  Ktiiyi.  Si  i.I'II.vti-;  Sodh  m  Siii'iiaii 
<"iii.i)Kii)i-;  Son  rioNs. 


.Xmmomim 


SOLUTION  XV. 

Tlii-.  solution  is  the  cobalt  analogue  of  a  nickel  soliition  iKiicnicd  by 
Dr.  Ci.  I.anjjbein  and  Co.,  I.ei|>/ig.  Cu-rmany.'  Tin-  inventor  claims  for 
this  solution  that  \ery  denst',  hard,  uniiorm,  deposits  ol  nickel  riiav  be  ob- 
tained from  it,  and  particularly  "deiMisits  of  any  desired  thickness  can  be 


>  Kaiserlichcs  I'.iti-iuml.  I'ati-iilsilirift  Nn.  I.t47.l(i  Kl  4S;i  Sopt.  Istli,  I'lClJ. 
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priKliirril  it  ilic  li.iili  l>f  ((insi.mily  awii.iuti  \>\  nu-cli.init  .il  iiM'.in>  or  liy 
till-  iniriNliictiiiii  of  ludroncii."  It.  o|  coiirM',  is  not  |M'rnii-<-.il>lc  to  .inital«' 
tlii>  li.itli  with  .lir  .1^  tli.ii  woiilil  ciiim'  o\iil.iiioii. 


Coll.lll    I'lllV  1   slll|lll.ll(' 

S(Kliiii\i  ■^iil|ili.iic 
Aiiiinoiiiiiiii  cliloridi'  . 

Wat.r 

I'ol.il  l)aih 


KMI  i;raiiH. 
tt»  tl     •• 

5  (I     " 

KMHI  (  .(  . 

2  litro. 


W'c  made  a  mimlicr  ol  colialt  (|riH»sitioiis  with  soliiti<iii  W  ai  \arioiis 
current  deil-'itie^,  l)otli  witli  aiul  without  Diecliatneai  aniia'ioii  ami  lor 
varviiiK  leii>;tli>  ol'  lime.  As  a  ri-~iiit  of  tbeM'  experimeiil^  it  wa-  loimd 
that  meclialiiral  , imitation  with  cohall  lialli  \va-  not  iiecessarv  as  in  llie  case 
of  the  nickel  liatli,  indeed  it  ai\va\s  caused  the  plate  to  crack 

One  of  the  (U'position>  was  continued  lor  a  |)eriiH|  of  S  iwiiitv -lour 
hour  d.ivs.  at  the  end  of  which  time  a  imilorm  dense,  hard,  salisfactors  plate 
was  foimd.  The  thickness  of  this  plate  w.is  .ippro\im,ilel\  half  a  milli- 
metre. Ii  was  de|Mi^iti-<l  .it  a  current  <lensit\-  of  i\M)  amperes  ]»r  -.i|iiare 
decimetre.  This  pi. He  was,  of  lonrse,  iii>t  .is  hard  a  deposit  .il  lliis  l.itter 
ciirreiu  density  as  sonuof  the  he.i\  >  pl.iles  from  >oltnion  .\lll  K,  whii  h  wire 
de|)()sited  at  very  much  higher  current  den>ities. 

("()\(  l,tS!()N>. 

ill  Oense,  hard,  uniform  deposits  of  coli.ilt  may  lie  ol>t. lined  from  a 
cohalt  ethyl  siilph. He  solution  made  up  like  solution  W.  without  mechiiiic.il 
.Imitation,  provided  lh.it  the  current  densit\-  he  low,  not  exceeilinn  t)-.M» 
amperes  per  m|U.ih-  ilecimetre. 

il)  l-'or  heavA  depositions  of  col>alt.  where  densitv,  h.irdnes>  .itid 
s|H'ed  of  deposition  ,ire  import. mt,  solution  .W  is  not  lU'arlv-  .is  >.ilis- 
factory  as  solution  XIII  H.  However,  the  coh.ilt  I'thyl  sulph.iie  solution 
deposits  colialt  more  s.ilisfaclorily  than  the  correspondinn  nickel  ethyl 
sulphate  Mtltition  deposits  nickel. 

Si  kii>    lo:    (Ouai.t  Si  i.i>ii.\ti:.   .\MM(i\it  m  Stii-iivrK,    .Xnimomi  M 
("in.oKiin:.   |{()KH    .\(  II)  Siii.i  iiDVs. 

SOI.ITION  XVI   .\. 

This  liatii  was  ni.ule  up  .is  follows; 

ColLilt  >iili)hate  CoSO,.  ')(_l- 7  ^rams. 

.\mnionium  sulphate  (  \H,);S(), li-(> 

Ammonium  diloride  NHiCI 1.s-(l 

Horic.icid  II,  MO; ^i 

Water KMM)  c.c. 

Hath  w.t>  neuir.il  before  iisin^,  by  slight  .iddition  of  ammonia. 

Solution  W'l  .\  .mci  its  analogue  X\'l  M,  which  vv.is  identic.i!  with  it. 
except  th.it  nickel  >iilphate  vs. is  stihstiliited  for  ((ihalt  --lilph.ite,  were  both 
used  for  .m  extended  >eries  of  plating  experiments.  Hoih  wire  found  to 
give  sati^f.ictory  plates  at  low  current  densities,  but  to  f.iil  by  spliltint;  and 
luirnitiK  when  current  deiiMties  of  1  ■()  .impere  per  scju.ire  decimetre  or  more 
Well-  ii-.uhcd. 

In  making  this  solution  ii  w.is  re.iscmed,  as  in  m.my  instances  .ilready 
reported,  that  a  K'c.iler  current  density  miuht  be  used  if  the  met.il  (ontent 
were  increased.     This  solution,  contrary  to  a  numl)er  of  others  reported. 


(it 

would  mil .  liMWt'XtT,  ailmii  nl  m  r\  ureal  iticn.ioi  in  i  hImIi  i  miic  mi  w  lilniiii 
Ki\  iii^  iti->liirliiii^  I'tlci  (•>  ol  c TV  --i.illi/.iliuii  in  llu'  li.ith. 

A  vtliiiiiiii  I  nniaitiiiii;  150  Krani-  inli.ili  ,tiiiiii<>!iinin  -iiliili.iic  (  c.^n,- 
\llii;S(),.  with  .111  iMi--.  <«|  II-. <  ur.iiii-.  nili.ili  >iil|ih.iii'  ('i>>n,,  u.ih 
IiiiiikI  io  |ir('(  i|iilal<'  a  nil  ('iirii|H>iiiii|  <>ii  (lit   aiuxli'. 

"^oliiliiiii  Wl  A  ami  il-.  iiiiktl  ,iiiali<iir  win-  run  ^iiiiiili  tiii<«iix|\  in 
stric-..  aiiil  a  \(r\  iiiiii  li  yrialir  lianliu  ^■>  ul  In  loli.ill  pl.ilt  ilian  lIu" 
ili<  ki'l  plali'  \\a^  partii  iiiarK  milii  calilr  lltioii^luiiii . 

(iirrtiii  ctViciiiKy  niiw  win  m.iilc  uiili  ilir^i  M.lmmn-.  vvliii  li  -.liiiw 
lliiTii  li>  lie  in  ilif  nciv;lil"iiirliiMKl  ul  '»()  jH-r  <  iril.  Inn  ilu  \  «t  rr  hmi  ilii>ni;lil 
<»l  ^iilTu  iciil  irnimrlam  I-  In  wariaiH  a  ranfnl  -inilv. 

(  'l>\(   '.I   x|ll\>. 

'1'  l'l.iu>  hum  ^ciliition  \\  I  A  anil  ilic  i orn  ^|h  •iidiii^  iiii  ki  I  ^nluliun 
art'  l»nli  ^atis|a<lnr\  .it  riirnnl  ilcii-ilit-  ImIuw  1  aniptri  pir  ^unaii'  'Ici  I- 
iiu'iri'.     At  liiylicr  t  iirrt'iit  ili'ii-iiifs  lioili  r..>liiii<ni-.  lail. 

2)  A  xtliitiiMi  III  till-  t\|>f  of  N'rii>  I'l  i.iimol  I"  iiri|i.ir(c|,  imu  Ij 
j;r»"al»'r  in  roiu  iiitr.ition  ili.in  X\'l  A.  wiihont  idiiiiuiiii;  troiililt -^onif 
CT\  ■.lalli/.ition.  I'lurflorf.  Serif'.  If)  (Iik- not  oiler  .i  liiyliK  i  oiii  iiitr.iteil 
rapid  pl.itiiii.:  eiil>ili  -ohiiion. 

(.<!  ("oli.dl  pi. lie-.  Iroiii  Milulion  W  I  \,  on  brass  and  iron,  .ire  tiriii, 
adlierent,  li.ird  .iiid  iinil'onn.  ami  ni.iv  re.idiK  lie  luilTed  to  .i  s.itisf.ictory 
siirlan  ,  wiiliin  eiirreiit  density  r.m^e  ret  •on  i  mended.  'I"he\  t.ike  .i  viry 
hiKli  polish,  with  .i  lie.intilul  lustre,  whieli,  .illhon^h  lirilli.miK  white, 
possesses  a  sli>;htl\   lillii-<h  e.ist. 

i4)  The  foli.dl  pi, lies  from  dilution  \\  I  A  ,ire  \ti\  iniith  h.inliT 
than  till  nickel  pi, lies  from  its  analovue  X\'l  U.  This  is  nolire.iiile  tliroiiyh- 
oiit  .ill  oiir  pl.ilinn  expeiiiiienls.  lail  is  p.irtii  iil.irK'  slrikini;  in  thi-  imm- 
where  the  pi, lies  were  olit. lined  in  -.i  rie>  .iml  ~imnll.iiieoii-.K  . 

i.si  The  -peiitii-  eleitrie.il  eomliii'lix  it\  of  solution  X\'l  A  !■>  \ery 
mm  h  liiKh'r  tli.iit  th.it  of  the  rorre^pondinn  niekel  solution  X\|  IV 

(ft)  The  eiirreni  ettieieiieie-  of  lioih  iii<  kel  ,inil  (dli,ill  dilution-,  of  the 
t\pe  X\'l  A  are  in  the  neiKhlioiirluMHl  of  >UI  per  eeiil  under  the  (onililioiis 
of  our  ex|H'rimenis. 

!)i:<"()Mi'(>srn()\  voi.iaci-s  and  i'oi.aki/aikin. 


ThroUKhonl  this  p,iper.  wliereser  we  h,i\i'  found  ih.it  .i  nixen  ioImIi 
solution  phited  at  ,;  higher  euneiil  den■^il\  tli,m  the  rorrespomlini;  niekel 
Milntion,  at  the  s,ime  eleitronioli\t'  forre.  wf  h.ivf  .ittriluited  it  lo  the  hiylier 
s|Hiilie  eleelrieal  iondueti\  itv  of  the  lolialt  xilulion.  This  h.i~  lieen  iriie 
for  nearly  , ill  the  soluiiuns  wliieh  we  havf  sttidied.  for  we  h.ivc  found  that 
with  a  eoli.ilt  solution  ,i  Iowit  Miltam'  yields  a  liiuhi  r  iiirreiit  den-it\  ih.iii 
will  the  eorrespondiiiK  niekel  solution. 

It  is,  of  fourse,  not  neeess,ir\  th.il  the  i  .iii^e  of  thi-,  inndilion  -.liould 
lie  a  hii.;l)er  i  iindueti\'il\  of  the  coli.ili  >ohilion,  for  il  mii;hl  l>e  th.il  there 
w.is  an  eleilromotixe  force  of  pol.iri/.ition  in  the  ciri  nil .  under  the  conditions 
of  tiie>e  pr.ietic.il  pl.itinu  lAperimenls.  which  were  hij;her  for  i  he  nickel 
solutions  th.m  lor  the  correspondini;  coli.ilt  sululions. 

.\lthoii).;li  we  h,id  no  re.iM.n  to  siisptci  ,in\  irremil.iriix  i-i  our  experi- 
nienl>.  and  while  normally  the  electromoti\ f  luice  of  polari/.ilion  with  the 
cnliali  or  nickel  ~uli|(i<>n-,  ii-ed  with  a  -'>!u)>lc  <i>l>,(lt  or  nicke!  ,inode  -iiid 
pl.itin^'  iil)on  colialt  or  nickel,  would  lie  nei;lit;ilil\  sin. ill.  After  the  lirsl 
few  moments  newrtheless  we  ran  .i  few  simple  i\perinients  to  costr  these 
points. 


XV'hiU-  wi-  Vivrv  m.ikiiiK  tlu-  r.-,ts  oii  tin  alls,  (..hah-.lit  ir..ly(c  ,|,.,lt, 
and  nukil-vlirtrulyic  iii(k»l,  imtln  llu-  cnn,  liiiiMi>  <»f  mir  pining  ixp.n- 
nii-iits.  it  wa-  iIioiikIii  u'.rth  while  n.  miMMire  l\w  rrlativc  <ii*  <)iii(Mi>i(i(>ri 
vohaKfs  of  normal  nili.ili  ,iilpji  ,ii.  anil  norma!  niikil  siilphati'  wduiions. 

Mrthod  (»f  Measurement. 

I  or  llu'sj'  nua>tirrnuiil-i  ilictvl  was  pland  in  M-rios  with  an  app'opri  itc 
rt'nul.ilinn  rfsisian(c  ami  a  millianiiiH-H-r,  across  sioranf  hatn-riis  .ii)al>lc 
of  nivinj;  <!;<iromoii\,.  fonts  up  It.  8  volts.  ,\  voltnit'lir  was  iciuuti.  <1 
across  tlif  licet. -mIi-,  (.1  ihf  cell  A  'arcfiilly  made  switch,  conveniently 
arraiiKcd  l..r  rapid  and  .icciirali'  operation,  w.is  phiced  in  the  main  rirroii. 
and  a  key  was  similarly  pku  ed  in  the  volteieler  i  irmit.  The  inetho.1  of 
reading  the  iK)lari/ation  consisted  in  ojAninn  the  line  swIk  h  with  one  hami, 
thtTeii|M)n  closing  the  >wit<  h  to  the  voltmeter  <  irciiit  with  tin'  other.  There 
was,  of  course,  an  appreciable  time  inlerval  helween  ihi  opening  i)f  In  first 
switch  and  the  closing  of  the  second,  m.  ih.it  the  .utual  \ahie  <if  polar i/ation 
must  he  slinhrly  higher  than  the  values  recorded.  Moreover  the  voltmeter 
retjuires  a  certain  amount  of  current,  however  small,  for  its  operation, 
which  also  caused  the  recorded  values  to  lx>  sli>;htly  lower  than  tlie  real 
values. 

However,  the  majjnitiide  of  the  voltases  recorded  in  these  measure- 
ments is  so  larxe  that  the  error,  in  most  instances,  is  relativeK  small,  ,ind 
moreover  the  primary  purjjose  at  present  is  to  (omjjare  the  i)olarizai  u 
values  for  nickel  sulphate  and  colialt  siilph.ite. 


Data    Decomposition  Voltages  and  Polarization. 

CoSO,  and  WSO^. 

The  diagrams  (Figs.  I  to  l\)  following,  are  plots  of  the  measurements 
of  impressed  voltages,  current  and  voltages  of  jjolarization,  as  determined 
by  method  of  measurment  (lescrila-d  above.  In  each  instance  a  second 
complete  .set  of  tigtires  was  obtained,  agreeing  closely  with  those  shown. 

The  platiniun  electnKles  used  for  these  |X)larization  e.xfH'riments  were 
2"  in  depth  ami  1"  in  width. 


From 
drawn : — 


tile    plots,    Mgs.  I — IV,  the    following    conclusions     mav     l>e 


("oNfl.t  SIONS. 

(1)  I  nder  the  condititms  of  our  exiKriments  the  decom[K)siiion  pres- 
sure of  normal  cobalt  sulphate  is  aiiproximately  2  16  volts,  whereas  corres- 
pondingly that  of  normal  nickel  sulphate  is  approximately  2-41  volts. 

(2)  The  polari/ali<m  for  both  cobalt  and  nickel  solutions,  under  the 
conditions  of  the  plating  bath,  where  both  ancnle  and  cathtxle  are  respect- 
ively of  cobalt  or  nickel,  are  negligibly  small,  and  not  very  tlilTerent  from 
one  another  in  magnitude. 

(.h  The  advantage  which  we  have  found  throughout  these-  researches 
for  cobalt  solutions  over  the  corresjionding  nickel  solutions,  in  th.it  a  much 
stnaller  impressed  electromotive  force  will  yield  a  given  current  density 
with  cobalt  than  with  nickel,  is  due  to  the  greater  specific  electrical  con- 
ductivity of  the  cobalt  solutions,  and  not  to  some  »-ffect  of  polarization. 


Figure  I 


£leetro(yfo  ^Normal  Solution  ofCoSO^ 
£locfrotfes  'PImtimum 
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Figure  U 

Electrolyte -Normal  Solution  of  C0SO4. 
Electrodes  -  Cobalt 
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Polarization 
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Im/tt^ssed  E/ectromotive   Force »■ 
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figure  HI 

Electroiyte^  Normal  NiS04. 
EiecfroHes  '  Platinum 
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Figure  W 

Electrolyte  '  Normal  NiS<U 
Electrodes  *  Nickel 
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lmpreaa*d  Electromotive  Force  — 
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(  OMMKkC  lAL  TKSTS  WITH  SOU  TIONS  I   l\  AM)  XIII   h. 

Verification    of    Platin(l   Results   on   (commercial    Scale. 

Till-  rf>iili>  wiih  vilniion  I  M  i.iiid  later  with  Miliiiioii  XIII  Mi  wire 
thollKlit  l<>  till'  aiiliiiir>  lo  !«•  mi  iliiil^u.il  and  of  >tiirK  iciil  impiirtaiuf  to 
vsarraiil    M'tilicatioii  and  tiirtliir  cl(\(|o|)mciit    iiridir  standard  comnuniai 

roiiditioiis.     W't',  tliircl'orr,  arranged  with  the  KiismI!  Motor  Car  d ••• 

of  Toroiilo,  Ontario,  and  p.irtiiiil.irK     with    Mr.  W.  S.   U 
elect  ronlati'i,   with   tlic  >anic  ( Oiniians  ,  t 


iiiiianv- 
irrow^.  lortinan 
oinpany,  to  ha\f    a   i)latinn  tank  opiraicd 
under  standard  ronnncrci.il  conditions  at   ihiir  plant,  iisinn  soiiition   I    M 
and  later   solution  XIII  H. 

Mr.  Marrows  has  had  some  tw(iii\  \.,irs  of  experience  with  all  sorts 
of  eleetro-|)latinn  work,  to  which  he  has  p.irlicill.trly  devoted  himself. 
He  has  considered  these  two  solutions  entirely  from  (he  point  ot  \  iew  of 
commercial  practicaliilit\  .ind  \ahie. 

'I"he  authors  lake  ijre.it  pleasure  in  ex|)iessini;  their  thank-  to  the  Kilssell 
Motor  Car  Conipaiix'.  and  to  Mr.  W.  S.  Marrows,  for  their  collalioration, 
anil  particularly  to  Sir  M.irrows  for  the  careful.  \  i^;orolls  and  paiiistakini; 
niaimer  in  wliiih  he  h.i^  stilijected  the  solutions  ,ind  plates  to  the  v.irioiw 
tests  that  wire  ri'(|iiired,  toeslablish  their  commerci.d  importance  atid  \aliie. 

SOl.lTION  I  B. 

Salts  identical  with  those  itsed  iti  this  lalior.itor\  were  sent  li\  the 
authors  to  Mr.  M.irrows,  with  instructions  for  makini;  up  solution  I  M 
identical  with  that  used  hv  lis  and  descrihed  on  pa^e  14. 

Aiiodfs. 

C"ol)alt  aiXKles  were  c.ist  at  this  l,ilior,itor\  of  the  si/e  re(|iiired  1)\  Mr. 
Marrows  lor  his  tank,  and  sent  him  for  nsi'  in  these  experiments.  They 
ati.iKsed  as  follows: 


Co 

Ni 
le 
As. 
I'. 

S. . 

c. 


<)S-7.s 
none 

l-.Vs 
none 

i)'(l()r)7 


'I'lie  .iikhIcs  used  in  .i  U.ith  had  a  surf.ice  of  .ipiiroxiiii.iteK    1   >(iiiare 
foot  are.i. 

C:ommercial  Tests  at  Russell  Motor  Car  Co. 


Hi  I'orl  of  Mr.    ir.   .V.    liiirrows.  J'onman  ilrclro  plater. 

Mr.  M.irrows,  in  (oil.ihor.ilion  with  the  authors,  tested  solution  I  M 
for  pl.itini;  purpo-.es,  during;  the  months  of  .Xii^iist  .md  Septemlier,  I'M4. 
'I'lie  pl.itini;  sv.is  accomplislied  under  st.indard  commerci.ii  londilioiis  on 
C()p|)er.  lir,!--.,  iron,  steel,  tin,  (ierman  siKer,  le.id,  and  Mrit.inni.i  mel.ii. 
Wirious  .irticlo.  such  .is  brass  c.istings.  sheet  hr.iss,  steel  >limpinKs.  skates, 
auiomohile  huii--,  etc.,  etc., —articles  of  very  different  sh.ipes  and  si/es. 
wire  pl.ited  under  exactly  the  s.iine  general  conditions  as  for  nickel  pl.itiiii; 
practice  at  the  Russell  Motor  Car  Company. 


(A 


Tin-  n>l>  wtrc  mlkIo  in  a  still  soliiliDii.  liiat  is  \villii>iil  anitalion  of  any 
kinil,  ami  tiif  ri'-.iiliiii^;  plalfs  wtTc  siil>i(iic<l  ii»  llic  iin»si  sfvcri'  pr.ictical 
tisl>.  This  work  was  rin.irrlid  liy  Mr.  harrows  |Mirtly  from  the  tommcri  i.il 
\it'W  |M>int,  .mil  with  tlii->  in  mind,  In-  pariicularlv  ir^lcil  and  siiidicd  llic 
following  iMiints  liic  colonr  of  pi.ili-,  tiu-  nnilormiiy  and  freedom  from  de- 
fects of  the  plates,  the  .illowalile  >peed  of  pl.itini;  wiiliont  pitting  or  hnrninji, 
or  the  maximinn  .illowaltle  cnrri'nt  di'n>it\',  llie  >oluliilit\  of  the  aiUMles, 
tlie  retpiired  MiltaKi'.  the  "ihrowinn"  propertii's  of  the  lialh,  that  is,  its 
ability  to  cover  the  deeiuT  p.irls  of  the  oliject  in  a  sati-f.iclor\  m. inner, 
the  solul>ilil>  of  the  -..ills,  the  h.inlness  of  the  plates,  the  iMse  of  "colonrin^" 
the  pl.iti'  on  a  hulT,  the  elliciency  of  the  pl,itinn  solntion,  the  lime  reipiired 
for  .im-inj;  of  the  h.ilh,  the  .idhesiveness  of  the  pi. lie  to  ihe  c.ilhode  under 
bendinii  and  luimmerinn  tests,  the  ^;ener.il  cleanliness  of  the  li.ilh,  ihe  cor- 
rosion of  till'  pi. lie,  besides  m.iiu'  other  special  features. 

In  .1  letter  to  one  of  the  .inthors,  d.ited  November  2,  1'M4,  Mr.  H.irro\\s 
^ives  a  very  complete  report  of  his  commercial  tests  of  soliiiion  I  H.  This 
letliT  follov\s  in  full  .is  received,  .ind  serves  .idmir.ibly  to  cover  this  portion 
of  the  work. 

()JS  l)i>\irr(iiirl  Kij., 

T.,r.)iii,.,  N..V.  .'ml,  1'>I4. 
11(     ilrrlHit    r.  K.ilniii>, 

t  liicin's  t  niMi»il\  , 

i\iiiK>l<'i<.  '  •'"■ 

Di-.irSir, 

.Aflrr  prcihiririK  .1  <ol).ill  pl.uinK  s<)luiii)ii  .irninliiiK  to  vmir  I'lirimil.i  fur  U,uli  I  H.  .ind 
hiiviiiH  iivil  liii>  ImiIi  il.iiK'  iliiriiiK  llic  \>.i>\  linlii  «r<k^,  pl.iliiii;  .1  kT".''  virii'ly  "I  (opiKT, 
l,>r.i>s,  irdii.  ^ti-il,  till,  (icrin.iii  >ilMr,  liaii  ,iii<l  Urii.iiini.i  nu'l.il  ,irii(lt>  nf  (litTrri'iii  sli.ijH's 
iiml  >i/.is  iMiiIrr  rx.iitly  llu-  >.iiiic  nmcliliiins  .i>  met  will)  in  j;iiirr.il  iiii  ki-l  pl.ilinn  ill  ihc 
f.iil.irv  (if  ihc  I<u>m1I  Miiliir  (  .ir  ri>iiip.in\ .  \\V>l  Turontii.  .mil  .ifiir  rr^;.inlinK  llic  ili.ir- 
.11  urisiii  s  i>f  I  hi-  p.iriii  iil.ir  -ulininn  iIisdIuiiIv  fi.  iiii  .1  1  niiiiiH'rri.il  viiw|Kiinl,  I  imm  hc.irlily 
niiilirni  .my  -l.ilinnni  viiii  li.i\.'  iii.iilr  to  ine  ri^.irilinn  llii-  rriii.irk.ilili'  soliinoii.  This 
halli  ».i~  rilliippiil  »illi  loli.ill  ,iiiikI<s,  OX  7.S  |Mrirni  lohill,  wliirh  were  Mill  lo  inr  fnitii 
\iiiir  l.ilior,iIor\  . 

riif  runs  in.ulf  h.ivf  v.iriiil  from  hve  niiniilcs,  lo  24  liours,  .ind  in  i.u  li  i.im-  llir  li.illi 
li.is  proM'il   woinlrrfiilK    rHi(irnl. 

riu'  ioIkiIi  pl.iU>  nlii.iimil  wire  Mimoili,  white  .mil  tiiii'  nr.ii'H'il.  V''r\-  adlicnni  .inil 
iinifonn.  bi  f.ni  thf  ~iirf.ui>  of  ihi-c  ili|M»il-  .iftcr  «v«t.iI  hour-  1 1111  ttiir  -o  very  snumlh 
.111(1  iiiiiforni,  ili.ii  .1  4  ill!  Ii  (oiloii  liiilT  r  .toriil  iluiii  lo  ,1  mirror  lini-h  ijiiite  iM.-ilv .  \\V 
ii-c  14  iiii  li  .111(1  III  ill!  h  liillT- lo  idlor  .<  Ik     •  (lr|i(>-ii- of   iiii  kri. 

To  u-l  llif  li.irilnr—  of  the  roli.ill  .is  idmp.irr(l  willi  iiii  kit.  willi  nfirrni c  lo  rithrr 
liiiHinj;  or  |»ili-liinn  «illi  iiiifry,  »<■  pl.ilril  -irips  of  hr.i— ,  oiii'  h.ilf  llif  -iirfair  willi  loli.ill 
.111(1  our  li.ilf  ttilli  nil  kil.  .ihs.iv-  ijiviriK  ihr  iiic  killed  porlion  llie  lhi(ke-l  pl.ile.  Thin 
liiiltiiiK  or  poli-hin;;  .11  ro—  ihe  IHii(|e|Mi-il-  we  found  iin.iri.iliK  ih.o  llie  nii  ki  I  w.i-  removed 
from  llie  lir.i—  l«lore  ihe  (oliall.  .iiid  In  '-ome  e.i-e-  in  one  h.ill  the  lime. 

I'IioiikIi  -o  h.ird  ind  linii,  llu-e  pl.ite-  color  lie.iiilifiilK'  with  lill'.e  elTort,  .ind  rei|iiire 
the-  n-e  (.1  mill  li  le--  ImltiiiK  ( iim|Hi-ilion  ill. 111  (diiip,ir,ill\ely  ilin  pl.iles  of  nickel.  .\ii- 
tomoliile  p.irt-  of  irre^iiil.ir  -h.i|H'  were  [il.iled  from  10  to  2l)  1  !mr  ■  ,  .ind  llni-lied  on  ,1  <t 
iiii  1.  hiilt  (i|H-r.ile(l  .it  .^.IIIKI  U.IVM  wiilioiil  the  -li:.;lite-l  evideiid  .f  1  .lefei  t  in  the  pl.iiin^'. 
To  .lee.inipli-li  thi-  with  our  l,i-te-t   nii  kel  li.iths  would  reirii  e  .1:   l(  1.1  (ilt  niiimle-  ol  pl.it- 

■i<K' 

.\-  .1  proli-(  li\e  ((Mliiij;  lo;  iron  or  -leel  -iirf.K  1-  1  .1111  idiniii.e.l  ih.it  .1  idmpar.iti\(l\ 
thill  pl.ue  ol  I  (ili.dt  will  prose  el  III,  dly  ,i-elTeeli\e  .i-  .1  ihii  k  pl.iie  of  nli  kel  from  ,111  ordin  .r\ 
(loiilile  -iil|>h.ite  nickel  lialli,  .ind  the  lime  .iiid  power  reiinired  for  llie  [irodiu  lion  il  -iii  li 
pi, He-  is  deiicledh    in   l.i\or  of  the  coli.dt. 

Ihe  (le|Mi-ii-  .ire  .il-o  i  ty  .idhennl.  no  (lilhcn''\  h.iviiii;  Imcii  eviK-rienced  in  this 
ii-lxii,  .dilioii>;h  te-t-  were  m.ide  re|HMte(lly  li\   iHiidiiiL;.  h.inmieriin;  and  liiiriii-hinn. 

I  ■■'(■  ol  1  Iw  we.ik  point-  .  f  -cAet.d  -o-c.dled  r.ipid  nii  kel  pl.iiini;  -  liMion-  wliii  li  we  li.ive 
irii'i  ihiiiien  i.ilK  .  i-  their  poor  "I  lir.iwiii^;"  powers,  •  i  e  t'ley  do  not  (lepo-il  llie  nickel 
reaiWv  in  the  inileiit.ilion-  or  c.ivilies  of  the  c.itli.de.  !  he  ( oliall  -ohiiion  I  H.  nied-  this 
nMjwwvn'ciii  in  ,1  mo-t  ellii  ieiil  m.inm-r,  ihe  di-po-il-  oil  llu'  d'-i.int  |Hirlioiis  of  the  c.illKHle 
wmiiM.iii.l  ill"  le-t-  iiii|KJse(l  in  every  easj'. 

\noilier  mo-i  im|)orl.iiiI  fe.ilnre  of  this  soliilion,  wiiii  it  -Ik mid  ommeiid  ilvlf  lo  every 
[W.Kiir.il  ;-l.il<r      nd  m.innf.n  1  iirer  of  pl.ileil  w.iii-,  i-  ihe  e.viiemcK    hi.nh  iiirient   density 
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at  wliii'h  iliiH  sdliniiiii  ni.i\  1m'  iiii|iIii\imI  wiilni'il  il.int;rr  nf  |iinirin  llic  pLilnl  Mirl.in'. 
I  li.iNc  pl.ilril  will)  llii>  iiiIliIi  siiliili'iii  I  II,  -..iii.r.ii  iiiriK  .iml  iitidir  i  oiiiiik  n  i.il  <  inulii  ii>ii!i, 
at  u  riirrrni  il»n-n\  (if  4i  .iniiKTr--  (ht  -cui.irr  (ckiI.  1  lii-  in  (1  liiiir-.  I  lie  >|hic|  uI  mir  l.i-lfnt 
nifiiiii  ni.il  iiicki'l  M>lulii>ii-<. 

A^  a  furllii-r  Irsi  wr  |ilaH'il  -Uv\  iiiU-^  of  1'  diainiiiT  fur  i»ii  liiiiir-,  willi  .i  i  iirri  ill 
iltnsiix  111  .'7  .iin|)'<.  |Mr  M|uarr  fiKii,  ami  linn  ilnw  llu-  iiiIk*  down  in  ;'  iliaimtir  willmiii 
iiijiiriiiK  ihr  (Icixoii.  'lliDiinli  fXlrtiiiiK  li.inl,  ilic  (liiriiliu  nl  ilic  <li|Mi«ii(il  iiHl.il  prnv  cl 
rrhiarkahlr. 

All  nf  iiiir  ti>is  liaM'  Ix'i'ti  Miailr  ill  a  >iill  snliiliun,  uiilioiil  aK<laM<>ii  <>f  any  kit:>l,  ami 
llii'  pl.ilfs  wiTi'  Mihjii  ti(l  111  the  iiiD^I  MXirr  Irialnicni  riiii-iiliriil  prai  liial  fur  hii;l,  yj  '.Ic 
llit'l.illir  rii,ilink;»  nil  lllr  \.iriiMi-<  iiii  la'--  liiriliifnri'  iiuntiiiiiril. 

We  , III' aUii  <if  iIk' iipiiiiiiM  lli.it  llu- atiiiili  .  Ill  llii' niUill  lialli  I  li  »lll  rriii.iiii  fn  r  li<  in 
tihitin^^.  such  as  i  h.iiaiirri/f  a\i'iaj;f  .iiiihU's  um'iI  in  nit  krl  li.ilhs,  ami  tli.il  ilir  rust  "f 
niainiriiaiiir  will  l«'  prai  tir.ilK   iiiilliiiiK  nmip  inil  In  ilcmlilr  sulpha  I  r  tiii  krl  -nliii  inns 

I  I  an  .issiirr  ynii  that  "iv  i  \|i<f  irni  c  lliiis  far  willi  I  lirsc  rnliall  snliiiiniis  Ims  Inin  in- 
liiisiK  intirrsti'in,  .iiiil  I  sinnTilv  Ulirxr  lh.it  I  lirir  use  rniiiiiirn  i.ilK  wniiM  ri  vnliitiniiize 
lllr  .in  nf  rli'i  1  rn  pLiiin^  sill  h  «  iris  .is  .irr  iinw  nil  krl  pl.itiil. 

I'hc  sinipllciiy  nf  its  rniii|ins|iioii,  its  s.lf  Misi.iiniiiK  <|ii.ilitirs,  tin-  rriii.irk.ililr  s|Kril 
of  lU'iKisjiinii,  io^;rthrr  ttiili  the  sim  r.il  pnints  iiictil  Iniirii  prcxiitisK,  slnuilil  ,ip|kmI  In 
the  i  nMiniiTi  i.il  n  i|iHU  iiiiiUs  nf  ihi-  prn^rrssivi'  ,im-.  I  riin.iiii 

Wry  iriiK  yniirs, 

(.siilHiiii     WalUT  S.  H;irruws, 
/■'iirfniiiu  Elnln^pliUir, 

Rliy\iU  Miilvr  (  ,(r  in, 

llu/   roniiilii.  Onl. 


soi.iTioN  xm  B. 

After  till-  cotnpli'tioii  of  ilic  tests  on  soliiiiui'  I  H  \ty  Mr.  Hiirruws, 
siills  idftilic.il  will)  tliiisi-  iisfd  iiy  tlic  aiiiliors  win-  sini  tn  him,  wiili  in- 
striiciioiis  for  prip.irinji  siiliiiinii  Xlll  H,  idi'iitic.il  with  thai  dc^crilicil  on 
I..  51. 

AtKxIis.      Identical  with  thosi'  used  lor  soUllion  I  \i.  see  p,  (<.^. 

Commercial  Tests  at  Russet  Motor  Car  Co. 

Rifwrt  of  Mr.  \V.  S.  Barrtncs.  forttmiii  dvclroplatvr. 

IVsts  were  made  of  this  sohitioii  in  ihi-  inamiir  and  Irom  ihe  s.inie  point 
of  \iew  as  those  for  sohition  I  B  (see  pp.  6.?-()4i. 

In  a  letter  to  one  of  the  .iiithors,  dated  Deeemtier  1 .  l'>14.  .Mr.  li.irrows 
j;iv»'s  a  lomplite  rejMirt  of  hi>  commirciai  tests  ol  solution  Xlll  R.  This 
letter  follows  in  full,  as  recei\ed: 


(i.'.s  Di.MTcniirt  K.I., 

Tnmnin,  Dir.  1,  1014. 
L)r.  lUrlicrt    T.  K.ilnius, 

Oiii'i'ii's  I  iiiMTsily, 

KiiiKslin.  Oiil. 

Di.ir  sir, 

.\llrr  llinrniij;hl\  It-siini;  i  nli.ili  pl.iiiii^;  1  I.I  ill  Xlll  li.  in.idr  .11  rnnliiin  In  ;  niir  li  i  ■  .'  i, 
I  t.ikr  pIiMsiirt-  in  sni.n.it  i  in^  ihr  Inllnwin^'  npnii . 

1  fniitiil  ihf  li.itli  \(r\  simple  In  prrp.iri  ami  .it  nine  lupin  tn  npir.iti  ''.  '..i'|..ii 
with  lii.nh  .nrrtiil  ilnisilii  s.  Ihi-  risiihs  nln. lined  were  exreedini;ly  nr.it  ifsiiij;.  ■.  i  i  .;:■ 
ImiIi  .Xlll  li  will  reipiiie  nil  prnlmiued  .ineii.^'  I  re.it  iiient.  .is  s|ili  ndid.  while,  h.ir  1,  |ierleer 
(ie(X)sits  were  nlii.iiiied  with  iMretiieK  hinli  eiirretit  deiisiiies  wiiliin  lime  liniir-  .ifler 
li.ilh    w.is  prip.ireil. 

'Ihe  e\|H'rilllellls  ll.ixe  lieell  \.iried  .iml  the  tests  nl  |il.lles  se\ere  .nid  ill  liln  r.lle,  the 
resiills  h.ive  iiiv.i'l.ilily  U'eii  sm  h  ,is  tn  e.iiise  me  In  reg.ird  inli.ill  li.ilh  Xlll  li  the  nre.i.i  -' 
achieMinent  in  nindirn  elei  irn  pl.itin^;  iiiipinvenienls. 

The  n|ieratinn  nf  the  li.ith  '\>  pnsiii\eh'  f.isein.itinK.  the  limit  nf  siMid  fnr  rniiiiiien  i..i 
plating'  is  astonishing,  while  the  eN.  illeiue  nf  the  plates  prmlm  ed  is  sii|ierinr  In  ihnse  ..f 
iiiik»'I   fill    in.iiiy    ii-.isniis. 
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I'lucltii  irni  \  frf  I  111  (n-liK  { ifi  |i.iri'il  miIiiiIhii,  Ihh  i  liri  will)  llii'  -jlf  "ii"!.!!!!!!!);  i|ll.ilitii'i 
•  il  I  III'  I  I.I  ill  .III'  ur  liiiiii  ,1  1 1.1 1  I  III  I  ill     ii\  iil.iiiii^  •.iilin  'III  ot  .iin  kiiul  I  li  ivi  i'M  r  iisi  i|. 

1  hill  I'liilni  .  .1  lii.i»i  ^i.iiii|.iii^.  wire  |il.ilnl  ill  Uiili  .\  1 1 1  II  Inr  uiiK  mir  i  iiiiMr,  llirii 
Ki\rii  III  .1  liiiMrr  hIiu  iliil  imi  know  llu-  lulh  t'\i-<li'i|  .mil  vtlm  ».i>.  <u  i  ii>l<iMir'l  In  liiilliiiK 
I  1  hour  nil  k<  I  iIi'|hi-iis  mi  iIu'm  -«iiiif  '•i.iin|iink:>.  1  hii.  in. in  liiillcil  ilu-  iiiImIi  iil.iu-.  iiimii 
.1  lir  iiiiiun  linll  «l,iil  n-MiUii  ^  .ii  .iiHKi  K.I'M.  I  h<'  Imi^h  »,i^  (Mrfirt  wiili  im  iilm's 
t'\|>iM'il.  I  hi  X'  >l.iiii|iinK-<  h.iM  lircii  |il  i  i  il  in  IHn  ili</i  n  lult  lor  mii'  niiiiiitr  .iinl  Irmii  .i 
liilal  iif  Sim  >i. 1111)1111^9  wi'  h.iM'  I.Minil  lull  ihrii'  •.l.iiiipiiijis  liii|M'rlrrl  .illrr  liiittiii^  I. .nil 
Nt.iiiipiiiK  i^^'>  I  il  liij  Hjii  i'  .ifiiT  hnl^hiiiM  uiihnni  in  jury  inihiili'iiosii.  ( >ri'>'iriiii  <  i^iini^'i 
uilh  1  lixil  ili>i>;ii-  iiiKin  llu-  -iirliii    «rrr  I'litnl  nnr  nn    nil'  in  inUiji   li.iili  \||1   It  ih.n 

liiinii-htd  willi  itMl  lli«.  of  J'  Mril  lull-  Inr  ;  1 r  uiihnii'  -liuhir-i   iniiirv  In  ihi'  i  nluli 

iiMiiii^,  .1-  ».!>  prnvi  II  liy  .1  Ml  hour  iiiiiuiT-iinii  in  I  ^  n/-     i|  w.ilir   n  iihikiirij  uiili  1  n/.  of 
Mil|ihiiiir  .1    ill. 

U  hill  .llll•nllllill^  in  rr.n  h  llir  linii.  nf  rum  iii  iliiiMliis  wliii  h  wniilil  In-  pr.ulii .:!  with 
III  I  Mill  Xlll  h,  I  h.ivc  plat!  i  lir.ii--  .nnniiinlilU'  |ri  uiiinK-'  wi  li  i  riirrrni  ilrnnii  \  .1  .'14 
iiii|K'ri'i*  |Kr  -'(iMrr  limt.  llu  ^^•  pii  ■  i'-.  wrrr  pkili.;  in  lni~  nl  (.,  mil  ,i  Ini.il  nl  lINt  wire 
pl.ili'il,  Iniliiil  .iml  n.iily  fur  «lni  k  in  I  limir^'  linir.  \n  nnii^n.tl  (irrp  i  •  inn  w.i-.  in. nil' 
lit  I  III'  run  ,1     I  ihf  »iiik  u,i~  |h  rhiriunl  li\  mic  iii.in.     ^i/r  nf  pirn'  pi  iiin  ■  J'  X  S". 

.\illoiiiiil>ilr  hi.li  r.ip«  Ml  ri'  pkilnl  llirci'  niiiiiili's  in  rnlull  ImiIi  NIIi  h  iinil  IniHiil  to 
I  iH'.iniiltil  lii~iir  III  ilirp  rnli  lihii-h  lonr  l>v  uh'  nf  .i  7"  i  on.  hi  lull)  ri'M.lMn^'  .il  lilNI  l<  I'.  M. 
I  lir  ■li'IMi'.ii^,  wiri' anipli' fnr  M  n  tii'.ii  iinni  ii^ii.illy  m  rixiil  h  -in  li  .iriii  li  •..  (  iiiii|>.i- 
r.iiiM'  Ir-i-  III  llirsi  ill  [loMiM  \M  11  111  nh'  .11  folliiws.  Stiiiir  siylr  Li-iiiif"  pl.ilnl  ill  iloiilile 
.-ulpli.ilr  nil  ki'l  Mihiiini!  niir  hour  "in'  sii-iKniliil  .is  aiii»|i'^  in  a  "olnlinti  nl  i  ipi.il  p.irlH 
mini. nil  ariil  .iiiil  t  .ii<  i .  -Iiiri  lr,i<:  >  .iilimli  -  uiri-  iim'iI  .mil  .i  rum  lit  nf  JINI  .iiiiihh  -  at 
HI  Mills  pasx'il  I  In  1111^11  t  lif  li.ii  li.  I  hi'  iiiikrl  was  rrnniMil  liniii  I  lie  i  isliii^:-  in  Mt  sin  mi  In 
uliili'  \^  MTniuls  linii'  w.is  rri|iiirril  In  rcinnM'  llii   niliall  plan-. 

riii.iliiiM'  nii'iiiinni'il  pl.itiiiK  tr-is  urn-  iiiaili'  with  still  -nliilion.  nofnrin  nf  .iKiLition 
ln'ini;  rniploMil.  Uy  .liil  ol  nu-rh.inir.il  i^ilatni-  tlii-r  riirriiil  ilriiMtirs  loiilil  lir  |ii'''-"'>' 
I  M  I'l-ili'il  uiili  hiijhiy  s.iiisfai  lory  rrsiills. 

I  lifsi- (iiliall  pl.iU-s  wen-  Mi\  i.inl,  wli-  i  .iml  nllii-rinl  .irnl  inlnrnl  <-.i-iK  «iili  slight 
fffnrt. 

Si-vi-r.il  pi. ill  -  Win-  prnihnnl  ii|hiii  sh.irp  sti-il  -iir^ii  .il  iii-i  rniiii-iils,  llir-i-  in-triliiK-ntH 
finishi-il  ihtIiiiK'  .mil  nwiim  In  i  lu'  h.irilin—  of  llu-  mliih  pi.  ir  only  .i  thin  iliposii  was 
rr(|iiirt-il  lo  iipi.il  1  In-  U-si  nii  krl  ilrjMisils  wliirli  «r  rn  .  iM-il  i  -.iinpli--.  t  oii.ilt  ili'iHisils 
should  priiM-  t's|Hti,ill\  v.ihi.ilili'  i  ir  rlrilm  pl.iliiix  siir^iral  in  'Minituls  for  ihi-  ri-ason, 
non.iilhcri'iit  ilin  k  iir(Mi-its  U'in^  \i-ry  il.iiik;r''oiis  for  ihi-  1 1, is-  .n      .irk. 

(>»iiik;  to  llu-  iinii-ii  il  II  till  I  ur.iiiu-r  in  this  Iik  .ilit\  iliiritiK  tin  {i.ist  month,  I  havi-  nut 
<oiir|iiik-i|  ti-i  wiih  roli.ili  pl.iiison  liiKhK  u-in|n'riil  nii  kil  -Iri-I  sk.iti-  Miilr-,  liiit  imlijinK 
from  ap|H  .ir.mi'cs  .iiiil  N.iiioii-  -i'\i'n-  iinloor  ti'-t-wr  i|o  not  hi-sil.iti-  h.  rr(Mirt  sin  1 1 -.-  in 
this  ilirrninn.  .\  tlirct- niinuti- il)-|Kisil  frniiiKiih  Xlll  li  n-isls  corrosiiin  I'qu.illy  .is  Idhk 
as  ,1  OIK'  h.iiir  nii  kcl  ilr|Hi-il,  tin-  tinish  i-  i-\rn  sii|H'rior  to  iiii  krl,  »li  '.  r\rr\'  t<-sl  t-mployeil 
(liiriim  tin-  pnui'-s  of  iii.in;i!  ,  mriiiK  thr  iiii  ki'l  pi. mil  .iriii  Ic  h.is  p;  ■  n  iipi.illy  imtfiriivo 
uilh  coii.ilt  pl.iii  s,  tlii-rrloi  iiy  ri-asoii  ol  i  In-  ilUrilM-ni-ss  of  ihiu  i-ili.ill  lU-pn-its  wi-  ln-licvi- 
<  oli.ilt  pi. Ill's  shoiilil  priivi  wondt'rfiillyrthi  iint  on  skairs,  nr  .my  kfrii  rilm'd  tnnl  n  -luiring 
a  prnli'iliM'  iiU't.illir  imi'  ,;. 

Ihi-  run-  niadi-  wiih  1.  h  Xlll  H  h.ivi-  x.iriid  from  oiif  mimilr  i"  l.sj  linurs,  ind  in 
I'.icli  case  llu-  nsiilts  wrrr  rriii.irkililr.  l-^li'rlroly|H's  wrrr  rrpn  .ilmi-d  I  • 'i'  lliiik.  Mlcitro 
(lii's  wrrr  f.ii  1 1|  with  i  ..ImIi  J"  i  liii  k  llu-  i'lrrtroty|K-s  Iniiit;  nr.iphiii-  i  nv-iri-il  w.ix  .ind  li-.nl 
inniilil-,  wliili'  llii-  dii-  wrri'  iii.nlr  nn  nxiili/id  siKrr  f.iiril  Kril.innia  mii.il. 

Till"  di|M)sit-  frniii  I'li.li  li.iih  Xlll  li  win-  viry  .iilhirinl  .iinl  pli.ilili  ;  by  prnpcr 
rruiil.itinii  of  tin-  iiirn-nt  lii  i.niful  wliili-,  h.inl,  ioiij;h  pl.ilr-  iii.iy  In  prodiniil  ipiirkK  nil 
any  rnniliirlin^'  -iirf.nt-. 

I  hr  "throttint;"  imwirs  of  loli.ilt  li.itli  XIII  li  ni.ikr  [Mi-silih-  ils  rmfiloynirni  for 
lil.itiiiK  di-t'ply  iiidriiii-d  or  ^nmM  i|  ariiilt-s  siuh  ,is  rrlli-(  lors,  rh.imii-l  li.irs  or  .irlicli-  with 
pinji  rling  iMirtioii- 

\\t-  .il-o  olit.iiiuil  ihr  lust  plairs  with  cxlrcnuly  hi^;ll  i  urrrni  ilrn-itics,  allhoi  -li 
pl.itcs  tiiiislu'il  with  ",S  .iiii|K'irs  |H'r  sipi.tri-  fool  wen-  of  ^iooil  i  nlor  .mil  i-.isily  IniOiil.  i  iir 
prnihuiinn  if  (-\rilli-iii  pkiti-s  wiih  i  ciirrciit  ilrti-ily  of  l.^ll  ampins  provnl  p.ii  liiul.uK 
e.isy  .m.i  dt-nsilic-  in  this  iii-i^hhorhixHl  wi-ri-  rinployi-il  fur  thi-  ^ri'.itt'r  poriion  of  our  ti'-i- 

(oli.ilt  li.ilh  XIII  li  will  proilnri'  i-.\irlli  :  i  h.ird.  uliili-,  toii^h  pi  -  alisnliiK-ly  fnif 
from  pit-  or  lilrini-h  .it  .i  riirn-nt  ik-iisity  of  l.^n  .im|H'ri  ~  prr  -i|ii.irr  lonl  i;i  ;  iiinli  r  oriiiiiary 
I'oii.mcrri.il  i  niiditions.       Ihi-  is  l.>  times  thi'  -|Hrd  of  oiir  f.i-ti-t  r    imiicn  ial  iiu  ki  i  -olulion. 

I'lirthii  inori'.  ihf  .inmli'  inp-  .mil  luHik-  rrtn.iin  fiii'  imm  n-  pint;  niT  -  riic  solu- 
tion n-taiiis  its  ori)>inal  i  li.in  .ippr.ir.iiut-  .mil  tin-  anoilrs  ilissoKi'  -  ;  i-f.nioriK  .  no  slinu'  or 
to.iti'ii;  fornu'd,  brn-hini;  or  ilr.minK  anodi's  t  hirt'fori'  will  In-  tiiiiii'ii'ssir\  I  he  aniKli-s 
usi-ij  with  this  liatli  wi-n-  '>H-'S  \H-r  icnt  lohall  wliiih  win-  -rut  nn-  from  \  ir  l.ilinr.itory 
I  lu-  li.it  h  .Il  llu-  roninu-iui-im-ni  of  our  tr-ls  was  strongly  .iriil  lo  litmus,  ami  li.i-  rii  linod 
unihannt-d  thrniiijhoui  ur  i-xiH'rimi'nts.  The  s|K-(itic  nr.i\ii\  of  the  solulinii  when  Ireshly 
prepired  w.is  1  ■  lA  .mil  1-  llie  siine  to-d.iy 
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llir  rii  li  ilcip  liliii^li  vsliiir  toiir  <•(  I lir  itih.ili  pliio  ii|ii'ii  iKilUliril  lir.OK  »iirf.i> m  in 
(Ml  ill  iil.irix  iioli  unriliv ,  I  hi.  Ir.ilnti'  kIhuiIiI  .i»i.i  i^^n  iiK  in  in  {kiiiit  i  olhih  i)r|><»ilit  xi-ry 
IMt|Mit.ir  lor  l>r.i^*>  lixtiirt'^,  Iriniinii)^-  .in«l  pIiiimUt-,  ^iipplir-. 

.M\'  )'X|>'rlriii  t'  Hilli  I  •ili.ill  I'lfli  Nlll  tl  i*  l>\  till  iiu.iii'^  al  .in  rti<l.  t  iiiliiiil  in  i  on- 
tiniii'  ii'>  ii")  iiiiiil  |it<.<'iii  »ii|i|ilii<  .III  I  xh.iuoinl  .mil  ilii'ii  I'lniji  .1  l.trvrr  l>.iili  i>  '■ii|i|>li<'o 
iirf  iihi.iiii.ihli  .  .\«  ,1  I  niiiiiHTi  i.il  |iri'|Bi-iii.)ii  I  iin  >,iii-hr<l  11  i-  miiiiiIi  rliilh  1  Ith  ii  nt 
anil  ri  iiiiuiiiii  .il. 

Liking  iiiiii  .uiMiiiii  iltr  ililTinnii  in  a,-!  •.[  inli.ili  .1.  ..  iii|i.iri'i|  uilli  iiii  ki  I,  I  .1111 
Mli«tiril  till-  im'l.ii  iM-.i»  l.ir  iil.iiiiik;  .1  i:i\Mi  i|n,iiilii\  nl  «..ik  «iili  loli.ill.  «.iiiM  Ik  mn- 
siilcr.iliK  II— •  ill. in  lor  nirkri  |'l  iiiiii.;  ,1  liki  i|ii.inlliy. 

i  iiiilit  riiioM'  lilt'  iiM'  '>t  ..1I1.1I1  li.iili  Xlll  II  ii|iii|i|Nil  uiili  iiiii.iii.iiii  .i|>|i.ir.iiti'.  lur 
I  HUM  \  in,:  |>.iri«  ilirmiKli  ll»  ImiIi  U'iiM  n  iIih  r  tin  l.ilu>r  oral  7.^  |i<'r  <i  ill,  '•111  II  .i|i|i,ir.iliiH 
woillil  Ik'  iir.irliril  Inr  ,1  Krr.iii  r  \.>iii  i\  nl  ».iir<  1  ii.iii  1-  im.u  ilir  i  .1^'  uiili  nil  ki'l. 

WciiniiHi  -|MMk  ii»i  IiikIiK  nl  K'li.ili  I'.iili  Mil  It.  .mil  I .  iiliiii  hiK  In  liivr  ii>  liitiirf 
hi'.inrx  uill  >iir|>.i?.-.  ilic  lii«inr\  nl  .iii\  1  In  Im  |il.iiiii^  ji.r   h  imw  in  ^rm  ril  iih'. 

In  I  niH  liisinii,  pIciM-  .irir|il  my  »,irii!r«l  miiKr.ii  iil.il  inn><  ii|inn  \niir  ^111  n—t.  «illi 
(oKilt  ^nliitiniis,  .mil  lii.iniU  .i|i|iit'<  i.iiiiiK  I'l''  n|i|Hiruiiiii\  nl  ir^tinu  ilicx'  «nluliiin>, 
1  <li-.iri-  I  i  -ill!  in  1)  ili.iiik  \nii,  kiln  I  »li ,  Inr  I  In-  |.i  in  lit*  iIitimiI  ilirnlmiii, 

\i  ry  Iriilx  \niit>, 
[Siiiiii'ih     WulUT  S.  Iturrown. 

hiirrmtKi  l\lti  !'<  I'UHi-t. 

Hu'^ill  Maliir  i'itr  in., 

lUv/   /..rnn/n,  Hitl. 

(ilNKKAI.    ( ONCI.I  SIONS    I  U(  )M    (  (  >MMI;R(  I  \l,     II.VIS   on 

( on.M.i  I'l  All \c.  N()i.rri()N> 

(1)  Scvir.il  CKli.ilt  Miliiiioiw  wtrt'  fnimd  \i>  In-  ^iiii.ililr  lor  clcciru- 
platin){  with  coli.ilt  uiuKt  ilic  ciiiKJiiions  ol  I'lMiiiiii'ni.il  pr.iciii  r.  \iv>t 
amitii^  ilicc  ,irf  iju-  I'ollowiiii;: 

SOLUTION   I  B. 

Coliiili ',iiiiiii<>niiii)i-^ul|il),it('.  (  oSO,.  I  .\||,|.jS(  )|- ''1 1' ),  J(MI  i;r.im'%  ii> 
ttu-  liirt'  III  w.itiT.  wliii  li  i>  till'  ii|iiiv,ilini  nl  14.^  ^r.mi-.  ol  .inhvdroiiN 
r<)li.tlt-aiiiiniiiiiuiii-^iil|)li.iii',  (OSC  »,■ :  \Hii  ■'>(  >i,  lu  ilir  litre  of  water. 
Sp.   i;r.  =  Ml.r<  .11    1.S"C. 


.SOLUTION  XIII  B. 


("oli.ill  !>iilpli.ili'  ('(iSO, 
•^iKliiim  cliloriilr  Nat  "I 
Horic  ai  ill 
W  al.r 

Sp.  (ii.         1    IF,  .It  1,^''(■ 


M2  K'ranis. 

19-6  " 
iiiMrlv  to  s.uiinilion 

HHlil  (•.(  . 


(2)  ("oli.iii  plates  Irani  these -oliition^,  "h  lira^s,  iron.  >t(.'el,  copper, 
tin,  (iiTiiian  siK^r,  lead  .iiid  Uritanriia  niet.il  .iriielc-,,  of  dit'lerent  shapes 
and  sizes,  i|(po.,ited  under  condi  ions  ideiilii'.il  with  those  met  with  in 
general  nickel  plating;  pr.irtice,  are  tirrn.  .idiierent.  h.ird.  ,ind  iniil'orni. 
'Ihev-  in.iy  re.idiK  lie  Inillrd  to  a  s.ili-,l.ictoriK  lini>hed  siirf.ice,  h.uin^;  .1 
he.mtilul  lustre,  which,  .tllhoiiyii  Inilli.mtK  while,  possesses  a  sli^litly 
bluish  cast. 

.h  The  electrical  conductivity  of  these  solutions  is  consider.dily 
hijiher  th.m  tluit  of  the  si.mdard  ci'iiiinen  i.il  nickel  solutions,  so  that  other 
thini;s  heinii  e<|u.il,  tlic\  in.iy  lie  oper.itiil  .11  a  lower  \olt.i^e  tor  .1  ^iven 
spce<l  of  pl.ilint;. 

(4)  Solution  I  H  is  1  .ip.d)le  of  cobalt  pl.ilinv;  on  ihe  \arious  sizes 
and  shapes  of  objects  met  with  in  coniinerci.ii  pr.ictice  at  ,1  spee<l  al  le.ist 
four  times  that  of  the  fastest  satisfactory  nickel  soliKiims. 


MICROCOTY   DfSOtUTION   TEST   CHART 

(ANSI  and  ISO  TEST  CHART  No,  2| 


A  APPLIED  ItvHGE     I 

^^  '65^    EasI    Ma.n    SUpei 

S%S  ''acntster.    Hem    York         1 4609        ctA 

■■^S  (^16)    -182  -0300  -Phone 

^=  ;^16)   238  -  5989  -  Fo» 
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(5)  Solution  XIII  B  is  capal.le  of  cobalt  plating  on  the  various  sizes 
and  shapes  of  objects  met  with  in  commercial  practice  at  a  speed  at  least 
fi?teen  tfmes  as  great  as  that  of  the  fastest  satisfactory  n.ckel  -''"t-ns 

(6)  Plates  from  both  of  these  solutions  on  various  s  ock  pittes, 
satisfactorilv  withst.KKl  the  various  bending,  hammering  and  burnishing 
tests  to  which  commercial  nickel  work  is  ordinarily  submitted. 

(7)  These  two  very  rapid  cobalt  solutums  are  remarkable  for  their 
satisfactorv  throwing  power.  That  is  they  readily  and  satisfactorily 
deposit  the  cobalt  in  the  indentations  of  the  work.  ,      ;„    ^ 

(Hi  These  two  rapid  solutions  operate  at  these  high  speeds  in  a 
nerfectlv  still  solution  without  agitation  of  any  kind. 

^       (9)'    These   solutions    are  both    cleaner,   that  is  free     '■'>n\  ^'j'^P'ng 
salts  and  precipitated  matter,  than  the  standard  commercial  nickel  baths 

/lO)  The  cobalt  deposited  at  this  rapid  «Peed  is  very  much  harder 
than  he  nickel  deposited  in  anv  commercial  nickel  bath.  (  onsequently 
a  lesser  wSt  of  'this  hard  cobalt  deposit  will  offer  the  same  p;otec  ive 
con  as  a  g  eater  weight  of  the  softer  nickel  deposit.  Considering  solution 
X  II  B  operaring  at  V  i  amperes  per  square  foot,  on  automobile  parts 
bra"  stamp^ni  etc.  etc.,  a  sufficient  weight  of  cobalt  to  stand  the  usual 
SmmercCirtests',  including  buffing  and  finishing,  is  f  ^"P^-f  •^«^^„^!;^:"^:; 
With  the  best  nickel  baths,  it  takes  one  hour,  at  alu  ut  10  amperes  per 
square  foo^  to  deposit  a  plate  equally  satisfactory.  Therefore,  the  actual 
wSt  of  metal  on  the  cobalt  plate  must  be  approximately  one  quarter 

that  of  the  nickel^^^^  purposes,  under  the  condition  of  these  rapid  plating 
solutions,  one-fourth  the  weight  of  cobalt  as  ^''-P^.'^d  f^;\\^.  "  :,'^;  ;rth 
required  to  do  the  same  protective  work.  /  ""^^'^l^^'^^'^; '[ ."''h'' '^  ^^-^ 
50c  a  lb.,  in  the  anode  form,  colmlt  could  be  worth  nearh  S2  a  D.,  in 
the  s  ime  orm  to  be  on  the  same  basis,  weight  for  weight  of  metal  In 
addiri<m  ther^  are  other  advantages  of  cobalt  in  saving  of  labour,  time, 

overhead,  ^^^^-^^^^^^^  ^^^^^.^^^  ^^^^^  ^.^^,^  handle  a  given  amount  of  work 

per  dav  with  cobalt  than  with  nickel. 

^  ( 13)  With  these  very  rapid  plating  solutions,  by  the  use  of  mecl  an- 
ical  devices  to  handle  the  work  the  time  "-"j"'^^'"  "F  P'f '"S^'^f^  j  ^i^",! 
the  libour  costs  mav  be  tremendously  reduced.  Solution  I  B,  and  partic 
utrlv  SoTurion  XIII  B,  are  so  rapid  as  to  be  revolutionary  in  t^.s  respect 
\  14)  Obviouslv  the  cost  of  supplies,  repairs,  etc.,  would  be  less  with 
cobait  plating  than  with  nickel  plating,  as  the  size  of  the  plant  for  a  required 

amount  of  work  is  less.  •  i      i  ,i,  „i„t;r,.r  w  irrciter 

(13)  The  voltage  recpiired  for  extremely  rapul  cob-lt  Pl'»t'nK  V-,*?'  '"^' 
than  that  for  most  nickel  plating  baths:  it  is  ""\-,^''-^-  '^"\j'  ^^^J'.J^,!^ 
chines  at  present  in  use  may  in  general  be  opc-rated.  For  tht  same  sptea 
of  nlatinc   the  cobalt  solution  requires  much  the  lower  \oltagt. 

iuT  For  a  gixen  amount  of  work  the  power  consumption  «r  this 
rapi(  cobalt  work  is  less  than  that  for  nickel.  This  is  obvious,  because 
tfr,.  amount  of  metal  deposited  in  the  case  o  cobalt  is  very  "uich 
lel!s,  whc-reas  the  ^•oltage  at  which  it  is  deposited  is  not  correspondingly 

^■■'''(T-)  Ornamental  work  on  brass,  copper,  tin,  or  German  silver 
would  require  onK-  a  one  minute  deposit.  Kven  wares  exposed  to  severe 
atmoplX  influences,  or  friction,  couUl  be  admirably  coated  with  cobat 
fn  sffio  XIII  B  in  fifteen  minutes.  The  tremendous  pc,ssibilities of  ths 
Solution  are  not  to  be  c.mipletely  realized  unless  mechanical  devices  are 
applied  to  redur-  hand  labour  to  a  considerable  extent. 
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(18)  Thick  (It'ijosits  from  theso  scdiitions  an-  vastly  superior 
to  any  that  wc  have  seen  [inKJuced  from  nickel  solutions.  The  tendency 
to  distort  thin  cathcxles  is  less  pronounced,  while  electrotypes  and  electro- 
dies  have  been  K'^cn  a  superior  thick  deposit  in  a  most  satisfactory  manner. 
Tlie  lines  were  hard,  sharj)  and  tou^h  and  the  surface  smwjth.  Nickel 
does  not  equal  cobalt  for  excellence  of  massive  plates. 

(19)  Many  of  these  tests  were  passed  ui)on  I)\-  uninterested  skilled 
mechanics  at  the  plant  of  the  Russell  Alotor  Car  Company,  who  invariably 
reported  in  favour  of  cobalt  as  above. 

(2(1)  Boti.  solutions  I  B  and  XIII  B  are  substantially  self-sustaining, 
once  they  are  |)ut  into  operating  condition,  and  the  amount  of  ageing 
required  to  do  this  is  very  much  less  for  them  than  that  for  the  present 
commercial  nickel  baths. 
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year  1909. 
t80.     I'ro<luction  of  coal  and  coke  in  Canada  during  the  calendar 

year  1909. 
85.     Production  of  cement,  lime,  clay  products,  stone,  and  other 

structural  materials  during  the  calendar  year  1909. 

Reprint  of  presidential  address  delivered  before  the  American   Peat 
Society  at  Ottawa,  July  25,  1910.     By  Eugene  Haanel,  Ph.D. 

90.     Proceedings  of  conference  on  explosives. 

92.  Investigation  of  the  explosives  industry  in  the  Dominion    . 

1910.     Repjrt     on— by     Capt.     Arthur     Desboroufc        ; 
edition.) 

93.  MoUbdcnum  ores  of  Canada.     Report  on— by  Professor  T.  L  cT, 

100.     The  building  and  ornamental  stones  of  Canada:    Building  and  orna- 
mental stones  of  Ontario.     Report  on — by  Professor  W.  A.  Parks, 

102.     Mineral   production   of   Canada,    1910.     Preliminary   report   on — by 
John    MrI.eish,   H..\. 

t  Publlcationt  marked  thus  t  are  out  of  print. 


89. 


tl03. 
I(t4. 

105. 

110. 
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142. 
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Suiniii.iry  r.iiurt  of  .Miiu-*  l!i.iiiili,  I'JIO. 

('.it,ilii>;iic  of  pul)lir.ilion>  of  Mints  Braiic  li,  from  l'>IIJ  lo  I'JII;    coii- 
lainiiiK  UiIjUs  of  loiiiriit;.  anil  lisls  of  maps,  tii. 

Austin    I'rook   iron-lH-aring  clistrict.      kf|)ort  on— by   E.   Limlcnun, 
.\1.E. 

WV'slcrn  [Mirtion  of  Torlirook  iron  orr  ili'|M>sits,  .\nn.i|H)lis  county,  N'.S. 
Hulli'tin  .So.  7— liy  Hnwills  Irtclittlc,  \I.Sc. 

Di.imond  ilrillin^;  at  I'oini  M.im.iiii~r,  Out.      HiillciiM  .No.  (>  -l)V  A.  C. 
I  ane,  Ph  D  ,  with  introductory  by  A   W   ('..  Wilson,  Ph.D. 

.Mica:    its  cxcurrcncc,  cxploitati(jn,  and  iists.      Kiport  on  — b\    lliij;h 
S.  de  Schmid,   M.E. 


Summary  r('i)ort  of  .Mines  Branch,  1911. 

The   mineral   prixluclion   of  Canaila,    i'JlO.     Ami  ..1   report   on — by 
John    Mcl.eish,    B.A. 

Note.     Tlie  Jolhnciivi  parts  were  srptinitfly  printid  and  issued  in 
advance  oj  the  Annual  Report  for  1910. 

tll4.      Pro<luction  of  cement,  lime,  clay  proilucts,  stone,  and  other 

m.iteri.ds  in   C"ana<la,   1910. 
tllS.     Production  of  iron  and  steel  in  Canada  iluring  the  calendar 

year  1910. 
tll6.     Production  of  coal  and  coke  in  Canada  during  the  calendar 

year  1910. 
tll7.     General   summary   of  the   mineral   production   of   Canada 

during  the  calendar  year  1910. 

145.  Magnetic  iron  sands  of  Natashkwan,  Saguenay  county.  Que.  Report 
on — by  Geo.  C.  Mackenzie,  3.Sc 

tl50.     The  mineral  production  of  Canada,  1911.     Prelitninary  report  on — 
by   John   McLcish,    B.A. 

151.  Investigation  of  the  peat  bogs  and  peat  industry  of  Canada,  1910-11. 
Bulletin  No.  8 — by  A.  v.  Anrep. 

154.  The  utilization  of  peat  fuel  for  the  production  of  power,  being  a  record 
of  experiments  conducted  at  the  Fuel  T  sling  Station,  Ottawa 
1910-11.     Report  on— by  B.  F.  Haanel,  B.Sc. 

167.  Pyrites  in  Canada:  its  occurrence,  exploitation,  dressing  and  uses. 
Report  on — by  h.  \V.  G.  Wilson,  Ph.D. 

170.  The  nickel  industry:  with  siiccial  reference  to  the  Sudbury  region, 
Ont.     Report  on — by  Professor  A.  P.  Coleman,  Ph.D. 

184.  Magnetite  occurrences  along  the  Central  Ont,irio  railway.  Report 
on — by  E.  Lindeman,  M.E. 

201.  The  mineral  production  of  Canada  during  the  calendar  year  1911. 
— .Annual  report  on — by  John  McLeish,  B.A. 

t  Publicationa  marked  thus  t  are  out  of  print. 
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Sin\,.~  llif  JoU.iuinii.  purls  -..ert-  sfp,ir,jl,ly  i.niil.d  tind  isuied  in 
iiiinnue  oj  thf  .Iniiiinl  Kipurl  jor  I'JII. 

IM.  I'roiliKiion  of  cement,  liiiif,  tl.iv  priHlui  i-,  >i..iic,  uikI  other 
Vm.".'"";',',!"''."'"'''^  '"  ^'■'"•'•'•'  'li"-''iK  il»'  Cdlemlar  year 
1"11.      Hiill.tin  (.11— l.y  Jdliii  .Mrl..i,li,  U..\. 

tl.*<2.      rn.,lmiii>ii  ,,t  iruii  .iml  >\vr\  In  (  .ui.nl.i  diirinK  llic  calendar 

yi-.irl'MI.     Hulktin  nil     li\  Jdiii  .\l.  Icisli.  H..\. 
l«.i.     <..mr.il    Miiiiiiiary    ui    i!ie    iiiiiur.il    pnHliicliim    in    Canada 
during     ilie   calm. lar      .  ar    1911.      Hullelin    .,n-l,y    John 
.\l(l.(i>h,    H,.\. 

tl'W.  |>r„.li„ii,.n  ,.f  coi'iK-r,  ,  .1.1,  Ic.id,  ni.  k.l,  silver,  zinc,  and 
..Itiir  nielal»  r.f  (  ,in...l,i.  ilininK  the  calendar  year  1911. 
Hullelin  ..n-liy  f.    V.  CariHriKht,   It.V. 

tJ(K(.  I  he  priidu.  li.m  .,f  i  .,,d  anil  i  ,,ke  in  C  ina.l.i  duriiiK  the  calen- 
dar year   1<»11.     Itullelin  i,.i-  hy  John  .Mcl.eish,  H.A. 

nuildin«  si,„ies„f  Canada-Vol.  II:    HiiildinR  and  c.rnamenlal  stones 
ol  the  .Maritime  I'rovuices.      KeiKirt  on— l.y  \\  .  .\.  I'arks,  I'hl). 

The  c.,i.[HT  -       lling  industry  of  C.inada.      Report  on— I  .    A    W    t; 
niNon,  I'h.L). 

Miner._,l    pr.Klii.ii,,,,    of   Cana.la,    I'>12.      IVeliminarv    rep,,rl    on-l,- 
John   .Mcl.eish,   H..\. 

I.o.le  rnininR  in  Yukon:  an  investJKation  of  the  quartz  deposits  of  the 
Klondike  division.      Report   on-  '       T.   .\.   .\1acl.ean,    H.Se. 

Summary  nport  of  the  .Mines  P.'  ')|2. 

Sections  of  the  Syda.y  C(ki'  by  J.  (,.  S.  Hudson,  .M.E. 

Sumniary  rciMirt  of  the  jietrol,  ,,,„  an.l  natural  gas  resources  of  Canada, 
1912— by  V.  C  Clapp,  A.M.     (See  No.  224.) 

Ecomomic  mineral-  and  mining  industries  of  Canada. 

Gypsum    in    C.mada:     its  occurrence,   e;;p!o:tation,   and    technology. 
Re|5ort  on— by  I..  II.  Cole,  H.Sc. 

Cal.ihogie  iron-U'aring  district.     Report  on— by  K.  I.iiuleman,  .M.E. 

Preparationof  metallic  cobalt  by  reui.      ,n  of  t  he  oxide.     Report  on— 
hy  H.  T.  Kalmus,  B.Sc.,  I'h.D. 

The  niinei-al  production  of  Canada  rluring  the  .alendar  year  1912 
Annual   report   on— by   John    Mcl.eish,    B..\. 

"SorK.—Tlie  follmiitin  parts  uvre  separately  printed  and  issued  in 
advance  of  the  Annual  Report  for  1012. 

2ic.  General  su.iimary  of  the  mineral  production  of  Canada 
.luring  the  calendar  year  1912.  Hullelin  on— by  lohn 
.Mcl.eish,    n..A. 

t  Publications  marked  thus  t  are  out  of  print. 


vii 

t247.      I'rixliu'liori  nl  irmi  .iiul  »lirl  in  Cin.nl.i  iliiriii:;  ilir  i  .iliiiil.ir 

yc.ir  I'MJ.     Iliilliiiii  on     1)V  John  Md.ii-li,  It.A. 
t2S'>-     rpHlnnion  of  i<ip|nr,  uoM,   liad,  iiii  ki  I,  -ilMi,  /inc.  .iiid 

"llicr  nut. lis  of  (  .iti.nla,  iliirintj  ilii'  cilund.ir  \c.ir  l'M2  — 

liy    ('.    T.    Cirlwrii;!!!,    H,N-. 
257.     I'ri'diiciion  o(  iinui'.i,  limr,  i  l.iy  |iroduri»,  «iiiii<  .  .uid  oilier 

•tiruttiir.il  ni.iliri.ili  diiiiin;  the  cilcnd  ir  \r,ir  I'M  J.      KiiMirt 

on-  l.\     I  •lin    Mrl.rish.    !'•   \. 
t2S8.     I'rcKliH  liirii  of  (iwl  and  mki   in  (an.id.i,  during;  lliii.dend.  r 

yc.ii  l'<t2.     liiill.iinon   -l.y  Ji  hri  .M.l.ri.li.  It.  \. 
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Invr'^li'.,M'ion  of  llic  |«,il  Kon-  .ind  i'cat  iiidi!-ii\-  ir!  I'.iii.id.i,  l'>I'     -id 
1012.     Hiillctiii   N,,.  <)     l,y  .\.   \.   Anrip.    ' 


27').     liiiiMiiiK  and  orii.inuni.d  stoiii-i  of  (■.iii,id,i--\ol.   Ill:    liuildi'       md 
orn.iniiiil.d  >ti)nrs  ol  guiliir.      K>|K)rl  nn  -  liy  U  .  A.  I'.irk  ,  i  li.D. 


2.**!.     The   Ipiliiniiiioiis  s.inds  of    .Norllicr-i    .Mlicrt.i 
Ills  .M.K. 


Kii-ort 


-l.v  S.  C. 


2:<^.  Mineral  prodiu  lion  of  I'.inad.i,  l')l  t.  I'riliniin.irv  report  on— 1)V 
John  .\lil.ii>li,  H.A. 

2S.S.     Siiiiini.iry  nporl  of  ilie  Mints  Ur.uuli,   I'fl.i. 

2''1.     The  pctroleiini  and  natural  gas  resoum-s  of  Cin.id  i.      Kep.irt  on  -liy 
I",  (i.  (Iiipp,  .A-.M.,  ami  other*: — • 
\'ol.  I.— Tiv  hnoloi;\  .ind  Exploii  ition. 

\'ol.    II.-    '  >i  1   imiin-  of  ixtroleuni  .md   n.iliir.d  y.is  in   Can.id.i. 
.\l>o  se|)iirali»  of  \'ol.  II    as  follow: — 
I'art     1.  Kastern  Canada. 
I'art     2,  Western  C"anada. 

200.  Peat,  lignite,  and  coal:  their  value  as  fuels  for  the  prtKluction  of  >;,i» 
and  iH>uer  in  the  liv-prixluet  recovery  proihicer.  Report  on — by 
B.  K,  llaanil,  B.Sr. 

303.  MfK)se  Mountain  iron-bearins  district.  Report  on--bv  E.  I.imienian, 
M.K. 

30.S.  The  non-metallic  minerals  used  in  the  C'.inadi.m  m.inuf.icliniii^;  indus- 
tries.     Report   on — by   Howells  Frechette,  .M.S'. 

309.     Tho  phvsical   properties  of  cobalt,    P.irt    II.     Report   on — bv   H.    T, 

Kalnius.  B.Sr.,  i'h.D. 
.^20.     The  mineral  prixliiction  of  ("anad.i   iliirini;  the  calenilar   year   tOI.V 

.-\nnual  re|)ort  on — by  John  Mcl.eish,  U.\. 

NoTi".. — The  fnllnu'ini;  parts  -u't  sepiirately  printed  luul  issued  in 
admnee  of  the  Anntinl  Report  Jor   1013. 

315.  The  pr  "I  \tion  of  iron  and  steel  during  the  calemlar  veir 

1013.      Bulletin  on— by  John   Mcl.eish^   B.A. 

316.  The  production  of  coal  and  coke  during:  the  cilendir  ve.ir 
1013.     R':lletin    on— by    John    Mcl.eish,    B..\. 

t  Pubticationi  marlred  thus  t  are  out  of  print. 


317.      llic  |irtKliir!h.ii  III  iii|i|Kr,  Kulil,  li-.iil,  nil  ki'I,  silvir.  zinc,  ami 

otlur  iiiil.ili,  (liiriim  tin-  ..lU'iiil.ir  ye.ir  l'»l.?.     ISiilliiiii  on — 

I'V   I.    1.   Ciriivri„ht,    ll.Si'. 
MX.      llic  iiriiiliniii.il  III  niiiciil,  iiiiH',  tl.i>    liriiiliH  I-,  .iii  I  iither 

^lrllc■lur.ll  nialcri  i1h,  during  th.   ralenilur  )iar  l'>l.i.    iiul- 

lilin  on-    li\   Jiilin  Sirl  risli,  It  .\. 
i\'>.     <«nural  «uiiiiiiary   of   ilic   niinrr.il   production   of   C.inada 

cliirifiK    llir   lakndar   Mar    l'»l.i.     liullctin   on — l>v   John 

.Mcl.ii^li,  U..\. 

322.     Lciinoniic    niincra's   and    niininn    indiisiriis   of    Cinaila.       r.iii.iin.i 
Edition). 

32.*.     The  rri«liict^  and  liv-pr<Hluc<!<  of  coiil.     KtiMirt  on — by  KiIK'T  Sians- 
fitld.  M.S..  anil  y.  i;.  t  'rttr,  ll.Sc,  I)r.   IntJ. 

32$.     The  »;ilt  industry  of  (.'an.id.i.      Report  on     liy  I..  II.  Ci.lc,  It.S-. 

331.      Ilic  iii\i!.iit;atinn  if  nix  Miiiplts  of  .Xllirrl.i  lignites.     Ntport  on —by 
It   I-.  Ilaaiul,  U.S.,  and  John  lUizard,  U.S. 

334.     Electro-plating  with  coUdt   and  its  allovrs.     Hc(xirt  mi'  bv   II.  T. 
KulniiiH,  IIS-.,  I'h.I). 

330.     Notes  on  cl.iv  deposits  ne.ir  McMurr.iv,  Alberta.     Hullelin  No.  10 — • 
by  S.  (  .  Ells,  B.A.,  US  . 

The  Dit'ision  of  Mineral  Kesoims  i/mi'  Sliilisliis  luis  prepared 
the  foUineing  lists  of  mine,  smell :r,  and  quarry  operalm  ■:  Kfetal 
mines  and  smellers,  Cou'  ,iif  j,  .Sl,ine  quarry  aper.ilors,  Manu- 
facliiiers  iif  day  prndufts,  aiul  Mauiifailiirers  of  lime;  copies  of  the 
lists  may  he  nhlained  on  application. 
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338.     Coals  of  Canada:    \ol.  \TI.     Weathering   of   coal.     Report  on--by 
J.  B.  Porter,  E.M..  D.Sc,  I'h.U. 

344.     Electrotherniic    s  nelting    of    iron    ores    in    Sweden.     Retmrt  on — bv 
Alfred  Siansfield,  .).S:.,  A.K.S.M.,  F.R.S.C. 

.'46     Summary  report  of  the  Mines  Branch,  1')14. 
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155. 
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169. 

180. 
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U.ip|nirl  ill-  I.I  (iiimiii^.-i'iii  riuinni''  (xnit  ii  jilii-r  lo  ilivtTs  |iiiH  r  U's 
1  liTirn-iln.rinii|Uf<  |">ur  l.i  riili:i  cinii  iht  iiiiniT.iis  di'  Icr  it  l,i 
f.ibrii  .iliiiii  (U'  r.K  ii  r  tin|iliiM'-<  tii  I  Jirii|if— by  Ku„.'ni'  II. unci, 
I'h.U.     UrtiKh   tiliiiuiu.   l'«»5. 

Till'    mineral   pro<liKeii)n  uf   C.in.ida,    I'lOO.     Annual  rrijurt   on — L 
Jul.n   M.l,.i,li,   li  A 

Sinuiii.iry  ri'iMirl  uf  Mine-  llraiiili,  I'HIS. 

biluniinoiis  or  oil-^llaIl?^  of  New  Brimswiik  .mil  No\a  Volia;  also  on 
the  oil-itlialc  industry  of  Stutland.  l<i'|Hirt  on — l>v  k.  \V.  ElU, 
I.I.I). 

I'hrysotilf-asbeslos,  its  (Hrirri'nip,  cNpluitat'  •  .  ..lidin^,  and  usva. 
Ki'iiort  on — by  I'ritz  lirkrl,  M.K. 

BuiMInK  .ind  oni.i- 
..  .\.  r.irks  I'll. I). 


Ihc  building  and  ornanitntal  stont's  of  t 
nifntui  siunvH  of  Unt.irio.     l<i|M)rt  on 

Magnetic  iron  s,inds  of  ^iataslikuan,  Nijjut'n.iy  county,  Qur.  RiiMirt 
on — by  <iiM>.  (.".   Mackiiizie,   H.Sc. 

I  hf  utilization  of  ()tat  fuel  for  the  production  of  [kjwit,  bcinij  a  record 
of  e.sperinunts  conductcil  at  the  I'liel  Testinkj  Si.iiion,  Ott.iwa, 
1910-11.     Keiwrt  on— by  1».  K.  H.ianel,  H.Si-. 

Tic  tungsien  ores  of  Can.ida.     Report  on — by  T.  I..  W.ilkcr,  Ph.D. 

Pyrites  in  Canada:  its  (Kcurrence,  exploitation,  dressing,  iMid  uses. 
Re()ort  on— by  A.  \V.  C.  Wilson,  I'h.l). 

InvestiRation  of  the  pea'  bog«,  and  |>eat  industry  of  Canada,  1910-11. 
Bulletin  No.  h — by  A.  v.  Anrep. 

Magnetite  occurrences  along  the  Central  Ontario  railway.  ReiJort  on 
— by  E.  Lindeman,  M.E 

Investigation  of  '  oea.  bogs  ^nd  peat  indu.--try  of  Canada,  19<)9.10; 
to  which  is  ,  •  idcd  Mr.  Alf.  Larson's  paper  on  Ur.  M.  Eken- 
burij's  wet-ci.  lizing  process:  from  Teknisk  Tidskrift,  No.  12, 
Decniber  26,  ,  j8 — translation  by  Mr.  .\.  v.  Anrep;  also  a  trans- 
lation of  i.ieut.  F^kelund's  jiamphlet  entitled  ".\  solution  of  the 
pi  i)rol-ieni,"  190*),  describing  the  Ekelund  process  for  the  nianu- 
fa  -iTe  of  neat  powder,  by  Harold  A.  Leverin,  Ch.E.  Bul- 
ku     \i'   -! — by  .\.  V.  .Anrep.     (Second  Edition,  enlarged.) 

:  '..     Molybiiinuin  ores  of  Canada.     Report  on — by  T.  I..  Walker,  Ph.D. 

198.     Peat  and  lignite;  their  manufacture  and  uses  in  Europe.     Report  on  — 
by   Erik   Nystroni,   M.E.,   1908. 

202.     Graphite;  its  proixTties,  iK-ciirrences,  refilling,  .-xnd  uses.     Report  on — 
by  Eritz  Cirkel,  M.E..  l')07. 

t  Publications  marlced  I. .us  t  are  out  of  print. 


219.  Austin  Brook  iroii-lKariiiK  disiricl.  Report  on— by  E.  Linilfnian. 
M.K. 

224.1.     Minos  liranch  Suniiiuiry  rt-pori  for  \'l\2. 

22(>.  ("lironie  iron  ort  ilcposiis  of  llio  ICahU-rn  Town.sliips.  MonoRrapli  on — 
liy  I'rilz  C  iriiil,  M.l"..  (Siippliimnlarv  stilion:  li.xpt'riiiuiiis 
williclironiili'al  .\lc(;ill  I  ni\irsity— hy  J.  it.  I'ortcr,  K..\l.,  D.Sc.) 

231.     Econioniic  minerals  and   mining  iiiclusuies  of  Canada. 

2M.  (lypsiini  deposits  of  the  Maritime  l'ro\  inres  of  Canada — including  the 
MaKilalen   islands.      Rep<irl   on— by   \V.   K.   Jennison,   M.E. 

26,?.  Recent  advances  in  tlie  construction  of  electric  furnaces  for  the  pro- 
iluclion  of  pij!  iron,  steel,  and  zinc.  liidletin  No.  3— bv  Eucene 
llaanel,  Th.U. 

204.  Mica:  its  cKcurrenee,  exploitation,  and  uses.  Report  on — bv  llimh 
S.  de  Shmid,  M.E. 

265.  Annual  mineral  production  of  Canada,  l')ll.  Report  on — by  John 
Md.eish,  IJ.A. 

287.  Production  of  iron  and  steel  in  Canada  during  the  calendar  year  1912. 

Bulletin  on— by  John  Mcl.eish,  B...\. 

288.  Production  of  coal  and  coke  in  Canada,  during  the  calendar  year  1912. 

Bulletin  on— by  John  Mcl.eish,  B.A. 

289.  Production  of  cement,  lime,  cl.iy  products,  stone,  ant!  other  structural 

ntaterials  during  the  calendar        ir  1912.     Bulletin  on— by  John 
Mcl.eish,  B.A. 

290.  Production  of  copper,  gold,  lead,  nickel,  silver,  zinc,  and  other  metals 

of  Canada  during  the  calendar  >ear  1912.  Bulletin  on — by  C.  T. 
Carlwrighl,    B.St-. 

307.  Catalogtie  of  French  publications  of  the   Mines  Branch  and  of  the 

C.eological  Survey,  uj)  to  July,  1914. 

308.  .^n  investigation  of  the  coals  of  Canada  with  reference  to  their  economic 

qualities:  as  conducted  at  McC.ill  Ciiiversity  under  the  authority 
of  the  Dominion  C.o\erniTunt.  Report  on — bv  J.  B.  Portei- 
E.M.,  D.Sc,  R.  J.  Durley,  .Ma.  E.,  ami  others— 

\'oI.  I — Coal  washing  and  coking  tests. 

\'(;1.  II — Boiler  and  gas  producer  tests. 

314.  Iron  ore  deposits,  Bristol  mine,  Ponliac  county,  Quebec,  Report  on — 
bv  E.  Lindenian,   M.E. 


IN  THE  PRESS. 

179.     The  nickel  industry:  with  spi-cial  reference  to  the  Sudbury  region,  Ont. 
Report  on — by   Professor  A.   P.   Coleman,   Ph.D. 


204.     HuildinR  stoni's  of  Canada— ^\'(>1.  II:   Hiiildinn  and  (irnann'nlal  stones 
of  the  Maritime  I'rovimcs.     Report  on — by  \V.  A.  Parks,  I'll. 'J. 

22.?.     I. ode  Mining  in  tlie  Yiikiin:    an  invest igat ion  of  (|iiarlz  deposits  in 
lite  Klcndike  division.     Report  on — by  T.  A.  ShuI.ean,  H.Sc. 

246.     ("lypsuni   in   C.inada:    its  oceurrenre,   exploitation,   and   technology. 
Re|)orl  on — by  I..  H.  Cole,  B.St. 

30S.     .^n  invest  it;.il  ion  of  theeoalsof  (■ana<i,i  «illi  reference  to  their  economic 
(|iialilies;   as  coniliitted  at  .McCiill  I  niversity  uniler  the  authority 
of  the  l)oininion  ( iovernnient.     Report  on — bv  J.  B.  Porter,  E.M., 
D.Sc..  R.   I.  Diirlev,  Ma.K.,  and  others— 
Vol.    Hi  — 
Appendix  I 

('o.d  washing  tests  and  diagr.ims. 
Vol.  IV— 
Appendix  II 

Boiler  tests  and  diagrams. 

286.     Summary  Report  of  Mines  Branch,  1013. 

321.     Annual   mineral  production  of  Canada,  during   the   Calendar   vear, 
1913.     Report  on  by  J.  .Mclcish,  B.A. 


MAI'S. 


t6.     Magnetomctric   sur\<v, 

lownship,  Kcnfrt'w  .„ 
Scale  60  feet  to  1  inch. 
24y.) 


vertical   intensity:    Calabogie   mine,   Bagol 

county,    Ontario— by    K.    Nystroni,    1904. 

(See  Map  No. 


Summary  report  1905. 


^IwT  f"'"^'  °'  ".^  ''''  "'°"t  iron  mines,  Belmont  township. 

I    lerborough  county,  On.arx^by   B.   K.   Uaanel,   1905.     Scale 
OU  ket  to  1  inch.     Summary  report,  1906.     (See  Map  No.  186.) 

Magi..tometric  survey  of  the  Wilbur  mine,  I.avant  township,  Lanark 
county,  On.ano-by  B.  F.  Haanel,  1906.  Scale  60  feet  to  iTnch 
Summary  report,   1906. 

Magnelornetric  survey,  vertical  intensity:  lot  1,  concession  \I,  Mayo 
township  Hastings  county,  Ontario— by  Howells  Frechette,  1909 
Scale  60  feet  to  1  inch.     (See  Maps  Noi.  191  and  191a.) 

m.  Magnetometric  survey  vertical  intensity:  lots  2  and  3,  concession 
\1,  ,^'ayo  township  Hastings  county,  Ontario-by  Howells 
LTmA.')  Scale  60  feet  to  1  inch.     (See  Maps  Nos.  191 


tu. 


tl4. 


m. 


m 


•36. 


•37. 


Magnetometnc  survey,  vertical  intensity:  lots  10,  11,  and  12  con- 
cession IX.  and  lots  11  and  12,  concession  VIII,  Mayo  towlishTp 
Hastings  county.  Ontario-by  Howells  Frechette.  1909.  Scale 
60  feet  to  1  inch.     (See  Maps  Nos.  191  and  191a.) 

Survo  of  Mer  Bleue  peat  bog,  Gloucester  township.  Carleton  county, 
apd   Cumberbnd   town.ship,    Rus.sell  county,   Ontario— by   Erik 
^"'■''P-     (Accompanying  report  No.  30.) 


Nyslroni,  and  A.  v. 


Survey  of  Alfred  peat  bog  Alfred  and  Caledonia  townships,  Prescott 
county.  Ontario-by  Erik  Nystrom  and  A.  v.  Anrep  (A™ 
panying  report  No.  30.)  ^      V'^i-com 

•38.  Survey  of  VVelland  peat  bog.  Wainfleet  and  Humberstone  townships. 
\\elland  county,  Ontario-by  Erik  Nvstrom  and  A.  v.  Anren 
(Accompanying  report  No.  30.)  '  *^' 


•39. 


•40. 


t41. 


•48. 


Survey  of  Newinglon  peat  bog,  Osnabruck,  Roxborough,  and  Cornwall 
townships,  Stormont  county,  Ontario-by  Erik  Nvstrom  ancrA. 
\.  Anrop.     (.Accompanying  report  No.  M).) 

^"7)mnriZ'hl\-^-l'  v"*''-  D™'"'V'>"'1  'own.hip,  Lanark  countv, 
r^ponTo  -^CO         ^'"'"'"'  •■'"''   '^^   ^'^   '^""■"-     (Accompanying 

Survey  of  Xictoria  Road  peat  bog,  Bexley  ami  Carclen  townships. 
Wtoria  county,  0„iari<,-by  Erik  Ny.^trom  and  A.  v.  Anrep 
(Accompanying  report    No.  30.)  ' 

Magneton.etric  survev  of  Iron  Crown  claim  at  Nimpkish  (Klaanch) 

tTi'lnJiriT  '^'^'"'•.  "■(■•-»->•  K-   i.indeman'     Scale  60  fee 
to  1   inch.     (Acconipan>in^,  report   .\o.  47.) 

Note.— 1.     Maps  market!  thus  •  arc  to  he  found  only  in  reports. 
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•49. 

•53. 
•54. 

•57. 
t60. 

t61. 

t64. 
t65. 
t66. 
t70. 

t72. 
t73. 
t74. 
t75. 
t76. 
t77. 
178. 

t94. 
t9S. 
t96. 
t97. 


Maftnctonictric  survey  of  Western  Steel  Iron  claim,  at  Scchart, 
\ancouvcr  island,  U.C. — By  E.  Lindeman.  Scale  6(1  feet  to  1  inch. 
(.Accompanying  report  No.  47). 

Iron  ore  occurrences,  Ottawa  and  Pontiac  counties,  Quebec,  1908 — by 
J.  White  and  Kritz  C'irkel.     (Accompanying  report  No.  2' 

Iron  ore  occrurcnccs,  Argenteuil  county,  Quclicc,  1908 — by  Kritz 
Cirkel.     (Accompanying  report  No.  23.)     (Out  of  print.) 

The  productive  chrome  iron  ore  district  of  Quebec — by  Fritz  Cirkel. 
(Accompanying  report  No.  29.) 

MagneKimetric  survey  of  the  Bristol  mine,  Pontiac  county,  Quebec — 
by  Iv.  Lindeman.  Scale  200  feet  to  1  inch.  (Accompanying 
report   No.  67.) 

Topographical  map  of  Bristal  mine,  Pontiac  county,  Quebec — by  E. 
Lindeman.  Scale  200  feet  to  1  inch.  (Accompanying  report 
No.   67.) 

Index  map  of  Nova  Scotia:  Gypsum — by  W.  F.  Jennison.     1    f.Accom- 

I   Ponying 
Index  map  of  New  Brunswick:  Gypsum — by  W.  F.  Jenni-^    report 

son.  No.  84.) 

Ma|)  of  Magdalen  islands:  Gypsum — by  \V.  F.  Jennison.     j 

Magnetometric  survey  of  Northeast  Arm  iron  range.  Lake  Tiniagami, 
Nipissing  district,  Ontario — by  E.  Lindeman.  Scale  200  feet  to  1 
inch.     (Accompanying  report   No.  63.) 

]   (.Accom- 
I   panying 
i     report 
.No.  71.) 


Brunncr  peat  bog,  Ontario— by  .A.  v.  .Anrep. 

Komako  peat  bog,  Ontario — by  A.  v.  .-\nrcp. 

Brockville  peat  bog,  Ontario — by  A.  v.  Anrep 

Rondeau  peat  bog,  Ontario — by  A.  v.  Anrep. 

Alfred  peat  bog,  Ontario — by  A.  v.  .Anrep.  ' 

Alfred  peat  bog,  Ontario:  main  ditch  profile — by  A.  v.  Anrep.  J 


(Out  of 
print.) 


Map  of  asbestos  region.  Province  of  Quebec,  1910 — by  Fritz  Cirkel. 
Scale  1  mile  to  1  inch.     f.Acconipanying  report  No.  69.) 

Map  showing  Cobalt,  Gowganda,  Shininglree,  and  Porcupine  districts 
— by  1..  H.  Cole.     (.Accompanying  Summary  report,  I'MOj 


General  map  of  Canada,  showing  coal  fields. 
No.  S3— by  Dr.  J.  B.  Porter.) 


(.Accompanying  report 


General  map  of  coal  fields  of  Nova  Scotia  and  New  Brimswick.    (.Ac- 
companying report  .'^'o.  83 — By  Ur.  J.  B.  I'orter.) 

General    map    showing    coal    fielils    in    .Alberia,    Saskalchewan,    and 
Manitoba.     (Accompanying  report  No.  83 — by  Dr.  J.  B.  Porter). 

Note. — t.     Maps  marked  thus  *  are  to  be  found  only  ir  reports. 

2.     Maps  market!  thus  t  liave  been  ttrinted  independently  of  reports,  hence  can 
be  procured  separately  by  appbcants. 


''"■  '^^"i::^'  s:i^S'i5;'  ?'i,'",:!:s ■''■"""^>-  'a-"-.->"'« -port 
'"  '?? i;ir-r  ""'"^^  -^^- ^e; 

to    1    iiuh.     (.\(T«nip.myinK  report    N„.    |(),i.)  •"'^  •*""  net 


tl07. 

tlOS. 
*112. 


^'''diMrlri'"!"'  T'T'^'  r""'-''  '"'-"-">•:    Austin  lir,K,k  iron  lK.arinK 
tliMricl^l.y  h.  I.iiuicnian.     Stale  400  feet  to   t    in,l       V\  * 

p;in\.ny  report   No.   105J  '   ""''■     <A.e.)ni- 

In,Iexn,ap  showing  iron  U-arinR  area  at  Austin  Brook~l,v  E   I  in.le- 
nian.     (Accompanying  report  No.  105.)  ' 

Sketch  plan  showing  geology  of  I'oint  Mamainse,  Ont.-by  Professor 
No    ll'lT"     ^■"'^' •*'<«'"'"■'  •<-  1  -'■'••     (Accon-panv^lg^rl^t 

tin.     Holbn.1  J^a.  I,ogOn,ario-by  A.  v.  Anrep.     (Accontpanying  report 

•119-1.17.     Alica:    .ownshin  maps,   Ontario  ami    Q„ebcc-l,y   Hugh   S    dc 
SchniKl.      (Accompanying  report  No.  UX.) 

1  inch.     (Accompanying  report  No.  U«.) 

1  inch.      (Accom[)anying  report  No.   118.) 

to  I  inch.     (Accompanying  report  i\o.  118.) 

Mackenzie.     Sea  e   100  miles  in   1    ;r,..K    '^'-/, '"'"■'"•'     '.>>  oco.  e. 
No.   145.)  '"*-"■     (Accompanying  report 

ken.,e.     Scale  40  chains  to   I    inch.     (AceolJ.panyinrreport   n" 

tl48.     Natashkwan  magnetic  iron  saml  deposits,  Saguenav  countv.  Que.- 
D>    V  eo.    t .    .Mackenzie.     Sea  e    1  (MM)  feet    to    i    ;.i^i,       /\ 
panying  report  No.  145.)  '   ""'''•     (Accom- 

Note.-l.     Maps  marke.1  thus  •  are  to  be  found  only  in  reports 

'■     ^'^-^'p^rd  t-pVra^^.7  SraSi^l.'^-"""''^  »'  — ■  "ence  can 


(Acconi- 

piinying 

rciKjrt 

No. 

151.) 


tl.'<J.     Map  sliowinn  ihc  lixaiuin  iif  peat  Imiks  invest i^.tted  in 
Onl.iriii-  l)y  .\.  v.  .Xiirip. 

tl53.     M.ip  ^■lllJ^^iIl^;  ilif  Iniatiiiii  uf  (kmI  Ijdk  as  invest li;.itt'<l  in 
Manii(il>a—  li\  A.  v.  .\iirip. 

tl57.  lac  (111  lionnct  jHat  boK,  Manitoba — liy  .\.  v.  .-Xnrep. 

tl.^S.  'I'Linsniissicin  peat  1h>k,  Manitoba — Ijv  A.  v.  .\nrep. 

tl.S'».  Corduroy  iK.it  bon.  Nbinitoba— by  .\.  v.  .\nrep. 

flMI.  lioKKy  (reek  pe.it  bo};,  Maiiilob.i — l)y  .\.  v.  .\nrep. 

tlf>l.  Kiie  lake  iie.il  \iitti,  \biiiitoba-  by  A.  v.  .\nrep. 

tl62.  Mild  Lake  peat  bog,  Manitol)a— by  .\.  v.  Anrip. 

IKkV  l.iltei  peat  boR,  Manitoba — liy  A.  v.  Anrep. 

tl64.  Julius  peat  litter  bog,  Manitoba — by  A.  v.  .Xnrep. 

tl65.  Fort  Francis  peat  bog,  Ontario — by  A.  v.  .Anrep. 

tl66.  Magnetoniti.'ic  map  of  No.  .1  mine,  lot  7,  concessions  \'  and  \'I, 
SlcKim  townsbip,  Sudbury  district,  Ont.— by  E.  l.indcnian. 
(Accompanying  Summary  re[Mjrt,  1911.) 

tl68.  Map  shoAing  pyrites  mines  and  pros|XTts  in  Eastern  Canada,  and 
their  relation  to  tlie  I  nited  Stales  market — by  A.  \V.  (i.  Wilson. 
S<alc  12.1  miles  to  1  incli.     (.Vcompanying  report  No.  167.) 

tl7I.  Cieological  map  of  Sudbury  nickel  region,  Ont. — by  Prof.  A.  P.  Cole- 
man.    Si.de  1  mine  to  1  inch.     (.Accompanying  report  No.  170.) 

tl72.     Geological  map  of  Victoria  mine — by  Prof.  A.  P.  Coleman.)    (Accom- 

I    panying 
tl73.  "  Crean  Hill  mine— by  Prof.  A.  P.  Coleman y    report 

No. 
tl74.  "  Creighton  mine— by  Prof.  A.  P.  Coleman. J      170.) 

tl7,S.  "  showing  contact  of  norite  and  Laurcnlian  in  vicinity 

of   Creighton    mine — by    Prof.   .A.    P.    Coleman. 
(.Accompanying  report   No.   170.) 

tl76.  "  Copper  Cliff  offset— by  Prof. _ A.  P.  Coleman.    (Ac- 

companying report   No.   170.) 

tl77.  "  No.   3   mine — by   Prof.   .A.    P.   Coleman.     (Accom- 

panying report    No.    170.) 

+  17,<<.  "  showinr   vicinity  of   Stobic  and   No.   3   mines — by 

Prof.     A.     P.    Coleman       i  .Arcompanving    report 

No   170.) 


Note.— 1.     Mar>9  niarketi  thus  *  nre  to  be  found  o.i' 
2.     Maps  niarkerl  tlius  i  liave  t)cen  printed  i-i- 
be  procured  separately  by  applicants. 


^rt!>. 

.tently  ol  reports,  hence  can 


tlX5.  M.iKiicloiiitlric  Miivfv,  Mriiral  illtl'^^ity:  BKiirlon  iniii  mine,  Uel- 
nionl  |nwn-lii|),  I'curlMiniiii;!!  ii.iim\,  Oiu.iriip  liv  K.  I.iiidiinaii, 
I'Hl.     S-.iIe  J(K(  feel   io  1   iiicli.   t.\iri.in|),iii> ing  roiMirt  .No.  1S4.) 

t'XS.i  (li'Dloniciil  map,  Itl.iirlon  iron  mine,  Hiliiuini  i(i\Mi>lii|>,  I'llcbonniKh 
coimu  ,  (Jm.irii)—  hy  K.  I.iiuliinin,  I'Ml.  Si.ilc  _'(!()  IVcl  to  1  iiuli. 
(:\cc(>iii|).inyinj;   ri|i(irt    No.    '  ■  I.) 

tl86.  M.iKiK ioimiric  survc>-,  Bilnioiu  iiori  iiiiiu',  llilniorii  iowii>lii|.,  Tctcr- 
lioroiiyli  coiinn,  Ontario— liy  !■;.  l.iiicUiiiaii,  I'^ll.  Sialv  200  feet 
to  1  inch.     (.\(((>iiip.iii\iiij;  riport  .No.  1,*<4.) 

tlSfia.  ('icoIoKii' il  map,  Hclmoni  iron  mine,  liilnjont  lownsliip,  IVlcrliorough 
idiim\ .  Oni.irio— liy  I'..  I.iinli  ni.iii,  V)\\.  Scili- .'(M)  fiii  to  1  inch. 
(.\<compan\>-,^  report   No.   IM.) 

tli*7.  Magnelonutric  survey,  vertical  intensity:  .  Charles  mine,  Tudor 
township,  llasiings  county,  Ontario— I, >  K.  I.indcman,  I'Ml. 
Scale  2(K(  fill  to  1  imii.     l.\ccompan\inj;  report   No.  KS4.) 

t'.S'a.  tleolosical  map.  Si.  (.  harlcs  mine,  Tiidiir  township,  I lasiin^s  comity, 
Onlario-^l.y  i:.  I.indenian,  l')ll.  Sale  2(10  feet  to  1  indi.  (.Ac- 
companying report   .No.  1S4.     J 

tl88.  .Magnetomelric  survey,  vertical  inlensily:  liakcr  mine,  Tudor  town- 
Mp,  Hastings  coiiiil\-,  Ontario — by  K.  I.iiideni.in,  1^11.  Scale 
200  feel  to  1  inch.     (.Accomp.uning  report  No.  184.) 

tl88a.  (u'ological  map.  Hakcr  mine,  Tudor  township,  Il.islings  county, 
Ontario-  li\  M.  I.indt  iii.iii,  l')ll.  Sc.ile  2(HI  feel  to  1  inch.  (.Ac- 
companying report   .No.  184, 1 

tt80.  .Magneloimlric  survcv-,  verlic.d  inlensity:  I-'idgi-  imn  ore  deposits, 
Wollaslon  lonnsliip,  ll.i-iin^s  coiinly,  Oiii.irio  -In  IC.  I.indeman, 
I'Ml.     S-.de  2(K)  feet  to  1  imli.     (.\cconipan\ing  report  No.  184.) 

tlW.  Magnelomelric  survey,  \ertic,il  iiitensiiv  :  Coeliill  and  lenkins  mines, 
V.'oll.iston  lowtisiiip,  llasti:it;s  coiint\-,  Oiit.ivio  -  livlv.  I.indeman, 
1911.     Srale  2(K)  feet  to  1  inch.     (.Vcomp.inyiiii;  report  .No.  184  ) 

tK'Oa.  C.eological  ii'ap,  tdehill  and  Jenkins  mines,  Wollaston  township, 
Hastings  coiinl\-,  Ontario— i.y  K.  l.inileman,  l')ll.  Scale  200 
feet  to  1  inch.     (.\ccomp,inyinK  report  No.  184.) 

flOI.  Maenelinnelric  snr\ey,  vertical  intensily:  Ressemer  iron  ore  deposits, 
.Mayo  lownship,  Hastings  conntv,  Ontario — hv  E.  I.indeman, 
1911.     Scale  200  feet  to  1  inch.     (.\cconip.in\ini{' report  No.  184.) 

tl91a.  ('leological  map,  Bessemer  iron  ore  deposits,  Ma\-o  township,  Hastings 
county,  Ontario— hy  K.  I  indeman,  l')ll.  Sc.ile  2011  feel  to  1  inch. 
(.Accompanying  report   No.   184.) 

tl92.  Magneton  >  trie  survey,  \ertical  intensilv:  Rankin,  C^i; 's,  and 
Stevens  mines.  Maxo  lownship,  Hastings  countv,  Onlai: o-  -l)y  E. 
Lindcman,  I'M  I.  Scale  200  feet  to  1  inch.'  (Accompanying 
report    No.    101. 

Note. — 1.     Maps  marked  thus  *  are  to  be  found  onlv  in  reports. 

2.     Maps  marketl  thus  T  have  been  Drinted  independentlv  of  reports,  hence  can 
be  procured  separately  bv  applicants. 


tl')2.i.  ('oi)limii,iI  iiMp,  K.iiikiii,  (  liilils,  anil  SliMiis  mini'-,  M.i  li>wn?.lii|i, 
IhisliiiKs  <iiiiiil\.  Oiil.uiir- by  K.  l.iiKHiii.iii,  l'»ll.  ^^.ll^■  JIM) 
I'l'tl  lo  1  indi.     lAmniipaiijing  ri'|i<irt   >c>.  \X^■) 

\V)^.  MaRiutoiiKlrii  fiirviy  Mrii(,il  iniinsit>  :  Kiiiiuily  propirty,  f.irluw 
li>\vii-.lii|i,  ll.i-iiTii;^  iiiimiv,  nm.irio  -by  Iv.  I.iiidi-iii.iii,  \'>\\. 
S'.ilc  .'(«)  del  lo  1  iiKli.      :.\iioiii|i,iin  inn  ripciil   Nu.  \xi.i 

tl'Wu.  GtMilo^;ii.il  ni.ip,  KrinuiK  pmpiiiy,  (  .irlnw  ii.wn-l'ip,  lll~lill^:■. 
lonmy,  Oni.irio— li\  I..  \.iniU\r.iu,  1''11.  N  ale  .'(Ml  li  ri  i..  I  iiuli. 
(AcioniparniiiK  rrpnrl   No,   l.st.i 

tI'M.  .M.innitonii  irir  snrviv,  Mrii..it  iniin^ity;  liow  Lake  iron  ore  («inr- 
renn^,  I'.irail.iy  lnwn-liip.  lla^tini;-  <  iinnl\,  Ontario-- 1 ly  K.  I.imU'- 
nian,  l''ll.  Scalf  2011  t<i  i  \u  1  iix  h.  i.\ni)iiipan\inK  ri'purt  No. 
1S4.1 

t2()4.  Inilrx  map.  Mi.innrliic  oi  cnninri  -  aloni;  1  lie  (iiural  Ontario  railway — 
liy  !■■..  I.inilftn.m,   I'MI.       .Xk  (iiiipativiiiK  report    No.   1,S4.) 

tiOS.  MaKni'ti>niilric  ni.ip.  Moo~r  MoiiiM.iin  inin-l«-.iiiiii;  ilir-lriii,  Smlhury 
(listriil,  Otit.irio;  l)ipo-iis  N.i-.  1.  .',  ■>,  i,  ?',  <K  atiil  7 — liy  K. 
I.inilitiian,    IVll.     i.Xiidinp.inuiin  ripori    No.  .?(M.) 

fiOSa.  C'lfolonical  map,  Moosi'  Mountain  iron-licariii^;  ilisiriii,  Smllmrv 
districl,  Ontario,  I)l•po>it^  Nos.  1.  i,  .?,  +,  5,  (),anil  7 — liy  E.  Limle- 
nian.     (Arconipanyini!   report    No,    ,<lM.i 

t206.  Mannetomitric  --iirvi\-  of  Moom'  Moiini.iin  iroii-liciring  distrirt, 
Snillitiry  di-lriit,  Otitario;  nortlutti  p.irt  of  dipo-it  No.  2 — liyE. 
l.indfinan,  l'>12.  Scale  2ll(»  feet  to  1  iiH  li.  i.Veonipatiyinn 
re|xirt   No.  ,!(»,?.) 

t207.  MaKiietonii'trie  siirvev  of  Moo>e  Mount. nn  iron-lie.irinj;  district,  Siid- 
linrv  district,  Ontario:  Deposits  No>.  ,s.  '»,  .md  'l.\— l>y  K.  l.im'i- 
nian,  I''12.  Scale  2(MI  fiel  to  1  imli.  .Xicompanvitig  icport 
No.  .?(M.) 

t208.  Mai;iHionii  trie  fiirvev  of  Moosi'  Mount. tin  irondH'arinn  district, 
Sndliurv  tlistrict,  Ontario:  Deposit  No.  10— liy  K.  l.indeinan, 
l')12.     Scale  2{M)  feet  to  1  iiidi.     i.Xccomp.myitiK  report  No.  30.1.) 

t208a.  Maijnelotiielric  survey,  Moose  Moiinl.iin  iri>n  licarinn  di^triit,  Sud- 
Inirv  district,  Ontario:  eastern  iiortion  of  Deposit  .No.  11 — liy  K. 
I.inllenian,  1'I12.  Sc.de  200  feet  to  1  inch.  (Accompanying 
report    No.  .^03.) 

t20f,>-.  MaKnctotiictric  sttrvey.  Moose  Mountain  irondie.irini;  district,  Sucl- 
litirv  district,  Ontarifi:  western  portion  of  iliposit  No.  11 — liy  K. 
l.inlleman,  l'>12.  Scale  20<  feel  to  1  in.  n.  (.\cc<inipan\ing  report 
No.    303.) 

t208c.  General  geoloKical  map,  N  ise  Mountain  iron-lH'arinj;  district, 
Sudhi'iry  district,  Ontario—liy  K.  '.  indem.m,  l'>12.  Scale  800 
feet  to  1  inch.     i.Vconipanyiiii,'  report   No.  .?03.' 

Kote. — 1.     Map?  marked  thus  *  are  to  be  foimd  only  in  icports. 

2.     M.ip.<  Mi;ir!v?d  thus  +  have  been  printed  independently  of  reports,  hence  can 
be  procured  separately  by  applicants. 
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t210.  Location  of  copiwr  »nu!lir<i  in  (  una.la— liv  A.  \V,  (,.  WilMm.  Scale 
197 -J  niilfs  to  1  inch.     (AcounimnyinK  rc|K>rt  No.  2m.) 

t215.  Province  of  Allicrta:  Khowing  proiHTtioa  from  «lilch  Kiniples  of  ccxil 
»-cre  taken  for  gas  prtMlucir  tcstn,  KucI  'IVitting  Divi^on,  Ottawa. 
(Acconi|xinying  Summary  report,  IVU.) 

t220.  Mining  districts,  Yulcon.  Sale  35  tiiilcit  to  1  inch— by  T.  A.  Macl.ean 
(Accompanying  re|>orl   No.  222.) 

t22I.  Dawson  mining  district,  Yukon,  Scale  2  miles  to  1  inch— by  T.  A. 
MacLean.     (Accompanying  report   No.  222.) 

•228.  Index  map  of  the  Sydney  coiil  fields,  Cape  Breton,  N.S.  (Accom- 
panying rc(x)rt   No.  227.) 

t232.  Mineral  map  of  Canada.  Scale  10()  miles  to  1  inch.  (.Xccompanvinr 
report  No.  J30.) 

t239.  Index  map  of  Canada  showing  gypsum  occurrences.  (Accompanying 
report   No.  24.S.) 

t240.  Map  showing  Lower  Carboniferous  formation  in  which  gypsum 
occurs  In  the  Maritime  provinces.  Scale  10()  miles  to  1  inch. 
(Accompanying  report  No.  2*5.) 

t241.  Map  showing  relation  of  gypsum  defKisiis  in  Northern  Ontario  to  rail- 
way lines.  Scale  100  miles  lo  1  inch.  (Accompanying  report 
No.    245.) 

t242.  Map,  (Iranil  River  gypsum  dcnoslls,  Ontario.  Scale  4  miles  to  1  inch. 
(Accompiinying   report    No.   245.) 

t243.  Plan  of  Manitoba  Ciypsum  Co.'s  properties.  (Accomi)anving  report 
No.  245.) 

t244.  Map  showing  relation  of  gypsum  deposits  In  British  Columbia  to 
railway  lines  and  market.  S<-alc  35  miles  to  1  inch.  (.Accompany- 
ing report   No.  245.) 

t249.  Magnelonietrlc  survey,  Calilwell  and  Campbell  mines.  (  alabogie 
district,  Renfrew  county,  Ontario — by  E.  l.indcni.in,  l')ll.  Scale 
200  feet  lo  1  inch.     (.Accompanying  report  No.  254.) 

t2S0.  Magnetomctric  survey.  Black  Bav  or  Williaiiis  mine,  CalaUgle  district, 
Renfrew  county,  Ontario— by  K.  LIndeman,  IQll.  Scale  200  feet 
to  1  inch.     (.Accompanying  report  No.  254.) 

t251.  Magnetometric  survev.  Bluff  Point  iron  mine,  Calabogie  district, 
Renfrew  county,  Ontario— by  E.  Lind"Mian,  1911.  Scale  200  feet 
to  1  inch.     (.Accompanying  report  No.  254.) 

t2S2.  Magnetometric  survey,  Culhane  mine,  Calabogie  distnct,  Renfrew 
coimty,  Ontario— by  K.  LIndeman,  191'  Scale  200  feet  to  1  Inch. 
fAcrompanying  report    No.  254.1 

Note. — t.     Mana  marked  tliii.^  *  are  to  he  found  only  in  reports. 

2.     Maps  marked  tlius  t  tiave  been  printed  independently  of  reporu.  hence  can 
be  procured  se[)aratdy  by  applicants. 
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t253.  M<iKiirl<>iiu'tric  mirvty,  Marltl  nr  WiUon  inm  iiiiiir,  (".ilalMiuic  dUtricI, 
Kinfriw  comily,  Oniurio-  liy  K.  I.imli'iii.ni,  I'Ml.  Siak-  i(K)  fii'l 
to  1  inch.     (Atciinipunyinu  ri'ix)rt  No.  2S4.) 

tiOl.  Miigncloiiulric  Mirvty,  NOrllioast  Arm  inm  r.iiinr,  lot  ii')  E.T.W. 
lake  TiiiiaKaini,  Siiussinu  dlslricl,  Ontario — liy  E.  NyMroni. 
1<«I,V     Sale  i(H)  U'vl  to  1  inch. 

t268.  Mapuf  f)cat  bogs  investigated  in  QucUc-  by  A.  v.  .Xiirip,  I'' 12. 

1209.  l-arue  Tea  Field  |)iai  boK,  QiieUc 

t270.  Small  Tea  FieUl  peat  !«>«,  QiieU'C  "  " 

t27t.  I.anuraie  peat  bog,  Queliec  "  " 

t272.  St    llyarinthe  |Kat  boK,  (.Hielur  "  " 

t273.  Rix  ierc  du  I.oup  peat  boK  " 

t274.  Cacouna  |)eat  l)og  "  " 

t27.S.  l.e  I'arc  peat  bog,  QuiU'c  "  " 

t276.  St    Denis  peat  Iwg,  QueUc  "  " 

1277.  Riviere  Our  '.e  [H'at  l>og,  QuiIk'c  "  " 

t278.  Moose  Mountain  |)eal  b<  g,  QniU'C  "  " 

t284.  Map  of  northern  portion  of  .Mbcrla,  showing  i)<)siiion  of  ounrops  o( 
bituniim.us  sand.  Scale  12J  miles  to  1  ir^h.  (.■\rconipanying 
report   No.  281.) 

t293.  Map  of  Dominion  of  Canada,  showing  the  occurrences  of  oil,  gas,  and 
tar  siinds.  Scale  197  miles  to  1  inch.  (.Accompanying  report 
No.  291.) 

t294.  Reconnaissance  map  of  part  of  Albert  and  Wcsimorland  counties 
New  nrunswick.  Scale  1  mile  to  1  inch.  (.Accompanying  report 
No.  291.) 

t295.  Sketch  plan  of  C'.aspe  oil  fields.  Quelle,  showing  location  of  wells. 
Scale  2  miles  to  1  inch.     (Accompanying  report  No.  291.) 

t296.  Map  showing  gas  and  oil  fickis  and  i)ipc-lines  in  soulhwcstern  Ontario. 
Scale  4  miles  to  1  inch.     (Accompanying  report  No.  291.) 

t297.  Geological  map  of  .Alberta,  Saskatchewan,  and  Manitoba.  Scale  35 
miles  to  1  mch.      (.Accompanying  report  .\o.  291.) 

t298.  Map,  geology  of  the  forty-ninth  parallel,  0-9864  miles  to  1  inch. 
(Accompanying  rejKirt  No.  291.) 

1302.  Map  showing  location  of  main  gas  line,  How  Island,  Calgary.  Scale 
12J  miles  to  1  inch.      (.Accompanying  report  No.  291.1 

Note. — I.     Maps  marked  thus  •  aie  to  be  found  only  in  reports. 

2.     Maps  tnarkcd  thus  t  have  been  printed  independently  of  reports,  hence  can 
be  procured  separately  by  applicants. 


IS 

till.  Magnrtoiiirlric  map,  Mi'l'ht'rM)n  mine,  H.iMchuiK,  dfie  Rrelnn 
C(>uiit>,  Nov.i  Siilia  — hy  A.  II.  A.  Kiil>inM>n,  l'»IJ.  Stale  2W 
feet  lo  1  inch. 


tJ12.     Magnetomelric  map,  iron  ore  tli'iMMiu  at   IpiMT  (> 
rounly,  Nova  Sfolia — by  K.  l.lmkMiian,  IVU. 
I  inch. 


lencov,  InvvrncM 
Scale  im>  feet  to 


tJlJ.  .MagnetoniPtric  map,  iron  ore  (le|)<>^il>l  at  (irami  .Mira,  (.'ape  Breton 
county,  Nova  Scoti.i— liy  .A.  II.  .\.  kcil.in«iii,  I'M.*.  S-.ile  2(H) 
feet    to    1    inch. 


AJilrfsj  all  (ommiiniialinns  to— 


UlKtXTOR   MiNF.S  HrANCH, 

Dkpaktmknt  of  Mines, 

SlSSK.X      STHhET,      OfTAWA 


Note— !•     Map*  marknj  thus  *  are  to  be  found  only  In  reports. 

3.     Map*  marked  thui  t  have  been  printr<l  Independently  of  reportf,  henc«  can 
be  procured  aeparatcly  by  applicants. 


